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Chapter 4 — Environmental Consequences 

his chapter of the EIS provides an analysis of the effects (environmental 
consequences) that would result from implementation of the Proposed Ac-

tion and alternatives. An environmental effect or consequence is defined as a 
modification or change in the existing environment brought about by the action 
taken. Effects can be direct, indirect, or cumulative and can be temporary (short 
term) or permanent (long term). Effects can vary in degree, ranging from only a 
slight discernable change to a drastic change in the environment. For this EIS, 
short-term effects are defined as occurring during the construction and drilling/ 
completion phases. Long-term effects are caused by construction and operations 
that would remain longer. 

The analysis evaluated the effects that would occur in the Project Area, regard-
less of land ownership. However, the decisions on this project by the BLM and 
FS would apply only to federal lands. The effects reported for non-federal lands 
may occur regardless of the BLM and FS’ decisions. Effects on non-federal lands 
are included to provide a full disclosure of effects for the complete project and to 
support other environmental permitting associated with the project. 

Groundwater 
During development of CBM, a portion of the water contained in the coal aquifer 
is removed from CBM wells as produced water. The primary effects on ground-
water resources would be associated with the removal of groundwater stored in 
coal seams and the subsequent recharge of aquifers through infiltration or injec-
tion of produced water. The combined effects of coal mining and other existing 
or reasonably foreseeable conditions on groundwater resources also are described 
within this chapter. 

The effects of development of CBM on groundwater resources would be seen as 
a drop in the water level (drawdown) in nearby water wells completed in the 
developed coal aquifers and underlying or overlying sand aquifers. Drawdown is 
observed when a loss in hydraulic pressure head occurs in the developed coal 
aquifers or in the overlying and underlying sand aquifers. The hydraulic pressure 
head is the vertical distance between the water level in a water well and the top of 
the confined aquifer in which the well is completed. 

Partial removal of groundwater from a coal seam (through coal mining opera-
tions or development of CBM) would reduce the hydraulic pressure head and 
create a hydraulic gradient toward the well or excavation. There would be a pro-
gressive decline in hydraulic pressure head with time and distance as groundwa-
ter flows into a pumping well or excavation. The effects would be seen as pro-
gressive declines in the water level (drawdown) within nearby water wells com-
pleted in and near the developed coal aquifers. 

T 
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Leakage of groundwater from underlying and overlying units into the coal aqui-
fer would initiate recovery in nearby water wells completed in the coal aquifer. 
Recovery would continue as CBM produced water that infiltrates the surface 
reaches the sand and coal aquifers. However, continued leakage of infiltrated 
produced water from overlying and underlying sands into the coals would delay 
noticeable recovery of the sands until removal of water ends. Water levels in 
nearby water wells would be expected to recover after removal of water ends. 
The rate of recovery initially would be rapid because of the re-equilibration of 
pressure heads within the coal and leakage from overlying and underlying units. 
The rate of recovery in the coal and sand aquifers would decrease progressively 
during the recovery period as the enhanced infiltration of produced water de-
clines. 

Other potential effects on existing water wells would include changes in water 
yield and quality or methane emissions. Other effects on groundwater resources 
would consist of potential changes in groundwater chemistry, in the nature of 
groundwater discharge to the surface, or recharge to the aquifers. The nature of 
groundwater discharge to the surface as springs, seeps, or base flows of surface 
drainages could change. Surface discharge of extracted groundwater from CBM 
operations into surface drainages, flow-through stock reservoirs, upland or bot-
tomland infiltration impoundments, or upland containment impoundments would 
enhance recharge of shallow aquifers below creek and impoundment areas. Injec-
tion of CBM produced water would recharge the aquifer units in which the injec-
tion wells are completed. 

Overview: Regional Groundwater Model 

Hydrogeologic Groups 
A detailed description of the geology and hydrology of the area is provided in 
Chapter 3. This analysis focuses on the coal seams of the upper part of the Fort 
Union Formation, the sands of the overlying Wasatch Formation, and the allu-
vium that underlies surface drainages. 

The Wasatch Formation is exposed at the surface over most of the Project Area 
and overlies the Fort Union Formation. The Wasatch Formation consists of fine-
grained sandstones, siltstones, claystones, and coals. The sandstones tend to be 
discontinuous but are used locally for water supply. Coal zones generally are not 
economic for mining or development of CBM, except in the area of Lake De 
Smet near the western margin of the PRB. Siltstones and claystones typically are 
of low permeability and form hydraulic confining units (or aquitards) within the 
Wasatch sequence. 

The Fort Union Formation consists of coals, sandstones, siltstones, and clay-
stones. The coals of the upper Fort Union Formation show great variation in 
thickness and continuity over the PRB. Coal seams split and merge over dis-
tances of a few miles so it is more appropriate to consider the coals as part of a 
hydrogeologic group rather than as individual aquifers. The upper sequence of 
the Fort Union Formation has been subdivided for this analysis into four hydro-
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geologic groups defined on the basis of the stratigraphic correlation of coal seams 
(Goolsby, Finley, and Associates 2000). 

All four coal groups can be identified in the northern part of the PRB. Groups 1, 
2, and 3 merge to form a thick coal unit, known as the Big George, in the central 
portion of the PRB. Only Group 4 is present in the southeastern part of the PRB, 
where it is locally known as the Wyodak coal. The outcrop areas of the coal 
seams are characterized by the presence of highly permeable clinker that forms a 
recharge area for the coal. 

Assumptions for Groundwater 
Recharge to groundwater aquifers occurs from direct infiltration of precipitation 
(rain and snowmelt), runoff in creek valleys, and standing water in playas. Infil-
tration is significant in areas of more permeable surface geologic units, such as 
sandstone or the clinker that occurs in outcrop areas of the Fort Union and Wa-
satch Formations. Direct infiltration of precipitation provides a minimal source of 
recharge over most of the area because the climate and surface features prohibit 
significant infiltration. 

Early (pre-mine) data on water levels indicate that hydraulic gradients for the 
coal and clinker are steep near the outcrop with highest potentials in the clinker, 
suggesting that the clinker provides recharge to the coal. However, the rate of 
recharge from the clinker units to the coal is often limited by a relatively low-
permeability, clay-rich zone that typically occurs at the contact between the 
clinker and the coal. 

Infiltration of surface water in creek valleys is considered an important source of 
recharge to the underlying alluvium and the shallow bedrock aquifers. A USGS 
study of two ephemeral drainages in the southern part of the PRB indicated 
stream losses of between 0.43 and 1.44 acre-feet per mile from individual storm 
runoff events (Lenfest 1987) and these values were acknowledged to be underes-
timated. Recharge to shallow aquifers from stream valleys ranged from 3.56 to 
26.5 acre-feet per mile for individual storm runoff events in the same study. Re-
cent studies of the losses of surface water in several drainages of the PRB that 
receive CBM produced water during dry weather indicate that conveyance losses 
range from 64 percent to 100 percent of inflows (Babb 1998, Meyer 2000b, AHA 
2001b). 

Conveyance losses include both evapotranspiration and leakage into alluvium 
and bedrock that underlie the streams. Evapotranspiration varies seasonally, but 
probably accounts for less than 20 percent of the conveyance losses over the 
course of a year. A monthly water balance calculation for the Wild Horse Creek 
drainage found that evapotranspiration accounted for 18 percent of the convey-
ance loss associated with the surface discharge of CBM produced water within 
the drainage basin (Hydrologic Consultants Inc. 2001). Recharge of shallow aq-
uifers through leakage from rivers or streams probably accounts for more than 80 
percent of the conveyance loss. 

Discharge of CBM produced water to surface drainages was assumed for this 
analysis to result in a 20 percent total conveyance loss, of which 82 percent 
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would be caused by infiltration and 18 percent would be a result of evapotranspi-
ration. These values are considerably lower than were derived in some studies of 
surface water losses in several drainages of the PRB (Lenfest 1987, Babb 1998, 
Meyer 2000b, AHA 2001b) and represent a net recharge to shallow groundwater 
of just over 16 percent of the water produced. Higher values for conveyance loss 
would correspond to unsaturated stream channel conditions. Perennial flows 
likely would be associated with the surface discharge of CBM produced water 
and would create saturated stream channel conditions. Lower values for convey-
ance loss would apply to saturated conditions. 

This analysis assumed that water discharged into infiltration impoundments 
would result in 85 percent of the total volume evaporating or infiltrating into the 
shallow groundwater system (28 percent evaporation, 57 percent infiltration). 
Fifteen percent of the total volume discharged into infiltration impoundments 
would resurface and contribute to surface flow. This estimate of infiltration was 
used in the analysis to ensure that the environmental effects that could result 
from substantial infiltration of produced water are considered in the groundwater 
model analysis. 

This analysis also assumed produced water discharged to large containment im-
poundments that are constructed to allow negligible infiltration and minimal loss 
to soil moisture (10 percent) would not infiltrate into the shallow aquifer system. 
There would be no recharge to shallow groundwater from this water handling 
option. 

Furthermore, the analysis assumed that all of the produced water used for land 
application disposal would be used consumptively. There would be no net re-
charge from this water handling option. 

Injection of CBM produced water results in recharge to the zone of injection. 
Injection was assumed in this analysis to occur in zones deeper than the Fort Un-
ion coal zone. There would be no net recharge to the Wasatch sands or the coal 
zones within the Fort Union Formation from this water handling option. 

Recharge to the Fort Union coal zone and higher units by infiltration of CBM 
produced water is summarized by sub-watershed for each alternative in Table 4–
1. An estimated 15 to 33 percent of the CBM produced water would infiltrate the 
surface and recharge the coal zone aquifer under Alternative 1. 

Hydraulic connection between the sands of the Wasatch Formation and the coals 
of the upper Fort Union Formation is limited because of the low permeability 
claystones that separate the two units. However, if the hydraulic head (water 
level) in the coal is naturally lower than in the overlying sands, then there is po-
tential for leakage from the sands into the coal. Based on observation of water 
levels in nested monitoring wells, considerable leakage into developed coals is 
expected only where Wasatch sands occur within 100 feet above or below the 
coal zone. The rate of leakage typically would be extremely small, but can 
amount to a significant portion of the total recharge into the coal taken over a 
large area. 

 



Chapter 4 — Environmental Consequences 

 4–5 PRB O & G FEIS 

Table 4–1 Percentage of CBM Produced Water Recharging the Coal 
Zone Aquifer and Higher Units 

 Alternative 
Sub-watershed 1 and 3 2A 2B 
Upper Tongue River 33 39 28 
Upper Powder River 22 40 29 
Salt Creek 30 42 29 
Crazy Woman Creek 15 43 28 
Clear Creek 30 43 30 
Middle Powder River 17 37 29 
Little Powder River 17 34 21 
Antelope Creek 30 28 24 
Upper Cheyenne River 30 28 24 
Upper Belle Fourche River 31 28 28 
Range (all sub-watersheds) 15–33 28–43 21–30 
Source: AHA and Greystone 2002 

 

As sands in the Wasatch Formation tend to be discontinuous, the amount of leak-
age would also be limited by the areal extent of sands within 100 feet of the coal. 
Locally, the hydraulic connection between the coal zone and Wasatch sands may 
be enhanced if the integrity of the confining layer is compromised by water sup-
ply wells that are screened through both the coal zone and the overlying sands, 
by deteriorating well casings, or by poorly plugged oil and gas wells or explora-
tory drill holes. Leakage from the Wasatch sands into the coal zone also may be 
enhanced if water levels in the coal are lowered as a result of dewatering. A sig-
nificant period (typically several years) would likely pass before noticeable 
drawdown (drop in water level) in the sands would be apparent because of the 
limited hydraulic communication between the coal zone and the overlying Wa-
satch sands. 

Partial isolation of the sand aquifers that overlie the coal is indicated in the re-
sults of the BLM’s groundwater monitoring of the Marquiss CBM project, which 
has the longest history of operation (since 1993). The BLM has monitored two 
sets of paired wells since the project began. In one set of wells, the MP–22C well 
is completed in the coal and MP–22S well is completed in the first overlying 
sand zone, 40 feet above the coal. A decline in the water level of more than 300 
feet has been observed in the coal monitoring well, while a decline in the water 
level of 20 feet has been observed in the overlying sand aquifer after more than 9 
years of monitoring (Figure 4–1). A lag time of about 4 years occurred before 
any measurable drawdown was seen in the well completed in the sandstone. A 
second pair of wells in the area (MP–2C and MP–2S) shows a similar trend. 

The two pairs of monitoring wells in the Marquiss field are the only source of 
long-term monitoring data available for Wasatch sandstones in a CBM develop-
ment area within the PRB that has been active for several years. The BLM has 
been active in setting up and monitoring paired wells in other areas of the PRB, 
but the history of data for these wells is relatively short. However, the data from 
these nested wells can be used to evaluate the vertical permeability and leakage 
rate through the 40-foot thick claystone unit that separates the coal from the 
sandstone in this area (AHA and Greystone 2002). 
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Figure 4–1 Modeled vs. Actual Drawdown Graphs for BLM MP–22 Monitoring Wells (West of 
Belle Ayr Mine South of Gillette) 

Although the nature of the separation between the upper Fort Union coals and the 
overlying sandstones in the Wasatch Formation varies greatly over the PRB, the 
data from the Marquiss area demonstrate that a 40-foot thick claystone unit pro-
vides a significant hydraulic barrier but allows a small amount of leakage from 
the overlying sandstone into the pumped coal zone. This leakage is important 
when the recovery of water levels after CBM pumping ends is considered. 
Thicker sequences of claystone that separate the coal from the sandstone would 
be expected to provide even more effective separation because induced vertical 
gradients through the claystone unit would be less. The partial isolation of the 
sand aquifers that overlie the coal that has been documented by BLM monitoring 
is assumed in this analysis to apply to other areas of the PRB. 

Through time, many clinker deposits have become saturated as a result of the 
infiltration of precipitation and snowmelt. Water may pond along the interface 
where clinker meets the less permeable transition zone between the clinker and 
the unburned coal. Springs may form at the base of the clinker deposits. Moyer 
Springs, located north of Gillette, is an example of this situation. 

Before significant coal mining and development of CBM began, regional flow of 
groundwater in the eastern part of the PRB was generally to the northwest 
(downdip) toward potential discharge areas in the north-central part of the PRB. 
Coal wells near the Powder River exhibit flowing artesian conditions indicative 
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of upward flow gradients. This indication of upward flow supports the potential 
for groundwater discharge along the northern part of the Powder River, although 
physical evidence, in the form of springs and sustained river base flow, is not 
readily apparent. Water balance calculations for the northern reach of the Powder 
River indicate that bedrock discharge to the alluvium is very low, in the range of 
5 to 20 cfs, suggesting that most of the discharge is diffuse and may be consumed 
by evapotranspiration so that it does not appear as surface flow (AHA and Grey-
stone 2002). A significant portion of deeper groundwater flow in the PRB proba-
bly discharges farther north, into the drainage basin for the Yellowstone River. 

Groundwater Modeling Methodology 
One tool used to predict impacts to the groundwater system under Alternative 1 
was numerical groundwater flow modeling. Modeling was necessary because of 
the large extent of, variability in, and cumulative stresses imposed by mining and 
development of CBM on the Fort Union and Wasatch aquifer units. Effects from 
development of CBM have been evaluated in earlier EAs for the Marquiss, 
Lighthouse, North Gillette, and South Gillette areas (BLM 1992a, 1995b, 1995c, 
1996a, and 1997a). A detailed modeling study was completed for the Little 
Thunder drainage basin in the southeastern part of the PRB (Wyoming Water 
Resources Center 1997). The eastern part of the PRB was modeled for the Wyo-
dak EIS (BLM 1999d). The information from earlier studies was reviewed and 
incorporated wherever practical into the modeling for this analysis. 

The computer model used to support the analysis of groundwater for this project 
is briefly described here. The complete technical description of this groundwater 
model is found in the Technical Report for the Powder River Basin Oil and Gas 
Project, Groundwater Modeling of Impacts Associated with Mining and Coalbed 
Methane Development in the Powder River Basin (AHA and Greystone 2002), 
on file at the CFO in Casper, Wyoming, and at the BFO in Buffalo, Wyoming. 
This report describes the specific hydrogeologic data used as the basis for the 
model. It also describes the numerical model and model assumptions in more 
detail. 

Conceptual Regional Model 
The regional model of groundwater flow for the PRB was based on the concep-
tual model that has its foundation in the geology and hydrogeology described in 
Chapter 3. The lateral continuity of the coal bearing units of the upper Fort Union 
Formation is considered sufficient such that they act as a regional aquifer system. 
Although individual coal seams may split and merge, there is sufficient hydraulic 
communication, on a regional scale, to allow movement of groundwater from 
areas of recharge predominantly at the higher topographic elevations along the 
eastern, western, and southern margins of the basin, toward the lower topog-
raphic elevation areas along the northern margin of the basin. The structure of the 
upper portion of the Fort Union Formation is reasonably well documented and 
can be used as a framework for the layers in the regional model. Recharge is pri-
marily through infiltration of runoff in the extensive network of ephemeral drain-
ages that characterize the surface topography of the PRB. This infiltration can be 
characterized as an overall areal recharge when considered in a regional perspec-
tive. 
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Groundwater flow within the Wasatch Formation is dominated by local rather 
than regional flow systems. The general lack of laterally extensive transmissive 
units and the dissection of the shallow portions of the formation by surface drain-
ages, result in shorter, more localized flow paths from recharge to discharge ar-
eas. Much of the recharge that enters the Wasatch Formation probably remains in 
a relatively shallow groundwater system and eventually discharges in topog-
raphically lower areas in the form of transpiration, springs, or seeps. The allu-
vium within larger drainage channels conducts some of this shallow groundwater 
flow. 

Over most of the PRB, the potentiometric pressure within the shallow Wasatch 
sandstones is higher than in the deeper Wasatch sandstones and the underlying 
Fort Union Formation coals. This generally downward hydraulic gradient induces 
a component of vertical groundwater flow so that some portion of the recharge to 
the Wasatch Formation may eventually leak into deeper regional flow systems. 
Low-permeability claystone and siltstone units retard the downward movement 
of groundwater and may locally divert flow laterally. On a regional scale, how-
ever, this slow component of downward flow provides most of the recharge to 
the Fort Union coal zone aquifer. Some recharge to the Fort Union coals occurs 
in coal subcrop areas through clinker zones. Although the clinker has a high ca-
pacity for infiltration, the low permeability of the contact zone between the 
clinker and the unburned coal usually limits the rate of recharge to the coal and 
may cause ponding in the clinker and springs to appear at the contact. 

The regional groundwater system discharges to the topographically lower valleys 
in the PRB, primarily the lower reaches of the Powder, Little Powder, and 
Tongue Rivers in the northern portion of the PRB. The groundwater discharge is 
relatively small and diffuse, and is not readily discernable as stream baseflow. 
Flowing artesian wells along the Powder River Valley form a small component 
of this bedrock discharge. Some discharge also occurs to the Cheyenne and Belle 
Fourche River drainages, but tends to be from shallow local groundwater flow 
systems rather than deeper regional flow systems. 

Model Construction 
The hydrogeologic model code selected was the USGS Three Dimensional Finite 
Difference Modular Groundwater Flow Model, MODFLOW–96. This model 
code is widely accepted by regulatory agencies and currently is used by the 
BLM. 

The regional model consists of 17 layers. The lowermost three layers (layers 15, 
16, and 17) represent the lower members of the Fort Union Formation and the 
claystone aquitard that separates these members from the overlying coals in the 
upper portion of the Fort Union Formation. The coal-bearing units of the upper 
portion of the Fort Union Formation are represented by layers 8, 10, 12, and 14 in 
the model. The intervals between the coal-bearing units are represented by layers 
9, 11, and 13. As the coal-bearing units split and merge in the PRB, the hydraulic 
properties assigned to the layers that represent both coal-bearing units and inter-
vening units would change accordingly. The coal-bearing units transition into 
more highly permeable clinker in outcrop areas. Overlying the four coal-bearing 
units is a layer (layer 7) that represents claystones within the Wasatch Formation 
that act as a confining unit between the coal-bearing units and the discontinuous 
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sandstones within the Wasatch Formation. Layers 1 through 6 represent the Wa-
satch Formation, consisting of alternating layers of discontinuous sandstone units 
and claystone and siltstone units. The discontinuous nature of the sandstones in 
the Wasatch Formation was modeled by assigning hydrologic parameters to these 
layers that are representative of mixed sandstone and claystone and siltstone 
units. The uppermost layer (layer 1) represents surface geologic units, including 
claystones, sandstones, and alluvial sediments within creek valleys. 

Other geologic boundaries that were incorporated into the model include faults 
and lineaments where they are suspected of having a significant influence on 
groundwater flow regimes. Faults may act as impermeable (no-flow) boundaries 
or zones of flow restriction, and lineaments as zones of augmented hydraulic 
conductivity in the model. 

The mining sequence was simulated for geographic locations where mining 
would occur as incremental impacts in 1-year stress periods from approximately 
1975 (the earliest mining along the Wyodak outcrop, with the exception of the 
Wyodak mine located east of Gillette) to 2033 from reasonably foreseeable mine 
plans. Predictive simulations of impacts were modeled to 2200. Historical mining 
records and life-of-mine plan maps on file with the WDEQ in Cheyenne were 
used to develop historical mine sequences and to project the approximate future 
mining sequence. Although life-of-mine plans are dynamic and may change in 
future years, they provide a general projection of likely coal removal sequences 
and mine progression. Annual progress of the mine plans was superimposed on 
the grid as drains within the model, with the pits left open for 3 years, and then 
closed. Mining drains are set with drain elevations positioned just above the base 
of the mined coal seam. When mined areas are reclaimed, the drains are removed 
from the model so that water levels can recover. 

Current production of CBM was simulated in the area using the historical opera-
tional data from the existing fields. Future development of CBM was simulated 
using the estimate of future development described in Chapter 2. Annual progress 
of development of CBM was simulated as drains within the appropriate model 
cells. These drains were set at an elevation of 16 feet above the top of the highest 
developed coal seam in the area. Historical CBM production sequences were 
simulated using data on water production available from WOGCC. Estimates of 
future production of CBM water assumed an average operational life of 7 years 
for each projected CBM well. 

Steady-state model calibration was performed by matching to pre-mining water 
levels or, in a few cases, to the earliest available static water levels and to esti-
mated bedrock discharge to alluvium in the lower reaches of the Powder River. 
This match was assumed to represent steady-state conditions. The model was 
calibrated in the transient state by matching model results against available his-
torical data for water level monitoring and CBM well production. Sources of the 
data for water level monitoring used to calibrate the model include Daddow 
1986, Lowry and Cummings 1966, Martin et al. 1988, USGS 1974, Hodson et al. 
1973, the Gillette Area Groundwater Monitoring Organization [GAGMO] (Hy-
dro-engineering 1996, 2000), individual mine data, and BLM. Data for CBM 
well production came from the WOGCC database and were reviewed by BLM. 
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The following information used in the model analysis is described in Chapter 2. 
New CBM wells are projected by year and sub-watershed. The percentage of 
CBM produced water that would be handled using discharge to surface drain-
ages, infiltration, containment, land application, and injection is projected for 
each sub-watershed. 

The model used data for the production of water from WOGCC as the source for 
input of drains during the period from 1988 to March 2001. A total of 6,098 
wells show some production of water during this period. The life span for pro-
duction was assumed to be 7 years from the start of production. For the period 
from March 2001 to March 2002, 3,677 permitted wells were assumed to enter 
production. These wells were assigned a 7-year life span. It was assumed that 
future wells would be drilled over a 10-year period from March 2002 through 
March 2012 and that each would have a 7-year life span, as described in Chapter 
2. A total of 39,367 new wells were input into the model as drain nodes with ap-
propriate time schedules and conductance. The producing intervals of the wells 
were distributed among the four coal-bearing units (layers of the model) based on 
existing production or the thickness and depths of the coals in any area. More 
than one coal interval would be produced in many areas and is reflected in the 
model where more than one well per well pad is projected. 

The effects of the various water handling methods were simulated in the model 
by applying additional recharge to the portion of each sub-watershed affected by 
CBM development on a year-by-year basis during the production period. The 
amount of recharge was based on modeled production of water, the projected 
percentage of water handled by the various methods, and the projected infiltra-
tion associated with each method of water handling. The additional recharge was 
converted to a year-by-year infiltration rate based on the area of CBM develop-
ment in each sub-watershed. 

CBM wells in Montana were not included within the regional model for the fol-
lowing reasons. First, the regional model used to project impacts from CBM de-
velopment in Wyoming requires some input parameters that could not be esti-
mated for the proposed CBM wells in Montana. Detailed information on methods 
of water handling that was not available would have been needed to account for 
infiltration and recharge in the model to include projected CBM wells in Mon-
tana within the regional groundwater model. In addition, the regional model was 
designed to provide a conservative estimate of the upper limits of water produc-
tion in Wyoming. If CBM wells in Montana had been added to the regional 
model, the effect would have been to suppress water production from some CBM 
wells in Wyoming. The exclusion of CBM wells in Montana from the regional 
model likely resulted in the underestimation of the extent of impacts to the poten-
tiometric surface in some areas near the Wyoming-Montana state line. 

Limitations of the Model 
Numerical groundwater models can be particularly useful tools for refining the 
conceptual model of the groundwater flow systems within a regional basin. How-
ever, any regional model of this size will involve limitations based on the size of 
the grid nodes and the simplification of a complex hydrogeologic system neces-
sary for creating the model. The primary purpose of modeling a hydrologic sys-
tem on a regional, basin-wide scale is to calculate the mass water balance so that 



Chapter 4 — Environmental Consequences 

 4–11 PRB O & G FEIS 

long-term gain or loss can be evaluated and to compare the relative effects of 
various alternatives. The regional model is an adequate tool for a comprehensive 
assessment of the effects of CBM development. The results should, however, be 
viewed in perspective with the scale, and a sub-regional or local area model 
should be used to help evaluate impacts on a smaller scale. 

The regional model was constructed using averaged and smoothed values so that 
localized conditions are typically not well refined. The size of each node in the 
model is ½ mile by ½ mile, so infiltration impoundments, small streams and riv-
ers, and other smaller features cannot be represented exactly. Rather, smaller fea-
tures are represented by the application of boundary conditions over the entire 
grid node. For example, infiltration of water from an impoundment is applied 
over an entire cell as a very small recharge rate. This assumption is less accurate 
for individual features, but becomes more representative of actual conditions as 
the density of features within a grid node increases. 

Smaller-scale models can be used to provide more definition of the interconnec-
tivity of the hydrogeologic units. Two sub-area models, which are developed at a 
much smaller scale, complement the regional model and were used to demon-
strate specific aspects of CBM development in the PRB. The Caballo Creek sub-
area model was used to match transient water data in an area with a relatively 
long history of CBM development. This modeling allowed an evaluation of hy-
drologic parameters for confining zones that have a major influence on projec-
tions of shallow aquifer drawdown and coal recovery after CBM pumping ceases. 
The LX-Bar sub-area model was developed specifically to examine the potential 
influences of infiltration from impoundments on shallow groundwater levels in 
the Wasatch sands and adjacent creek flows in an area where surface discharge 
would probably be limited in light of water quality considerations. 

In the regional model, the Fort Union coal units are reasonably well defined, but 
the Wasatch units lack adequate definition. The Wasatch Formation is highly 
variable throughout the basin but, lacking sufficient geologic data, the Wasatch 
Formation was arbitrarily divided into six layers in the model. No impacts for the 
Wasatch Formation predicted by the model are included in this impact analysis. 

The construction and calibration of the regional model was limited by a lack of 
data from observation wells and on production and geology for the Wasatch 
Formation away from areas of development. The results of the model are poten-
tially skewed by the data that are available. Results of the model from areas of 
the basin that lack adequate calibration data should be considered only as a gen-
eral indicator of potential effects. The model should be updated and refined as 
new data become available. 

In the regional model, CBM wells were simulated using drain boundary nodes. 
Any node could encompass one to four actual CBM wells per layer and up to 16 
wells per model column. The number of CBM wells represented per drain was 
accounted for by varying the drain conductance. Using a drain boundary applied 
over the entire node to represent a CBM well, which is more or less a single point 
within the node, will tend to over-predict the water production of a single well 
during the early stages of production. However, as well density increases within a 
node, the drain boundary becomes a better representation of CBM production. 
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Another model limitation stems from the way the MODFLOW code handles the 
case where the water level in a cell falls below the base of the cell because of 
depressurization imposed by pumping or drainage stresses. When a cell becomes 
dry, the MODFLOW code treats it as inactive, so that water cannot move through 
that cell and any boundary conditions effectively will be removed from the 
model. MODFLOW allows cells to resaturate when water levels recover as a re-
sult of removing the stresses through a rewetting package. However, during the 
period that dry cells occur, they can affect the horizontal and vertical movement 
of water throughout the simulated aquifer system. In the regional model, cells 
became dry because of simulated mining and CBM development. The MOD-
FLOW rewetting package was used to mitigate the impacts of the dry cells on 
results. The rewetting package also has limitations, particularly with regard to 
solution convergence. For the transient regional model, the convergence criteria 
were relaxed in some stress periods to allow convergence for the transient re-
gional model. However, the water balance checks in the model indicated that a 
reasonable solution was reached.  

Alternative 1 
The following discussion outlines the projected effects on water yield and aquifer 
characteristics or conditions, including groundwater quantity, quality, and use. 

Water Yield (CBM Produced Water) 
Table 2–8 shows the projected quantity of water that would be removed during 
CBM development from 2002 through 2017, summarized by sub-watershed. 
Within the Project Area, water production is projected to peak during 2006 at a 
rate of 386,336 acre-feet per year. 

This CBM produced water would consist primarily of groundwater pumped from 
storage within the developed coals and water that leaked from nearby sand layers 
into the coals as a result of coal depressurization. Over the life of a CBM well, 
most of the produced water likely would come from leakage into the coal from 
sand layers above and below the coal zone. Groundwater that can be recovered 
from the coal by pumping would be removed early in the life of a CBM well. All 
of the recoverable groundwater stored in the coal zone within the Project Area 
could feasibly be produced by the end of 2009, using the projected water produc-
tion in Table 2–8 and the estimate of recoverable groundwater in Table 3–5. 
However, the vast majority of recoverable groundwater in the PRB is contained 
in the sandstones of the Fort Union and Wasatch Formations. The projected 
CBM water production from 2002 to 2017, about 3 million acre-feet (Table 2–8), 
is much less than 1 percent of the recoverable groundwater (almost 750 million 
acre-feet) in these formations (Table 3–5). Depending on the water handling 
practices used within each sub-watershed under Alternative 1, an estimated 15 to 
33 percent of the pumped water would be recharged to the groundwater system 
as a result of infiltration along creeks and below impoundments (Table 4–1). 

An example illustrates this concept and explains production declines that are 
typically seen in the PRB. The example considers a 50-foot thick coal seam at a 
depth of 1,000 feet that is bounded above and below by 40-foot thick claystones 
that separate the coal from overlying and underlying sandstone units. It also as-



Chapter 4 — Environmental Consequences 

 4–13 PRB O & G FEIS 

sumes that development of CBM is occurring on an 80-acre well spacing pattern 
and depressurization of the coal causes an average potentiometric head drop of 
500 feet. 

If the coal is not dewatered (water is removed from confined storage only by de-
pressurization), then the contribution of coal to well water production depends on 
the head drop and the confined storativity. Using a typical storativity for the coal 
of about 5x10-6 ft-1, the contribution to confined storage from the coal would be 
about 2 acre-feet for every 100 feet of head drop or 10 acre-feet in this example. 
Additional water in unconfined storage would be released to the well if the coal 
were completely dewatered. The unconfined storage in the coal depends on the 
thickness of the coal and the specific yield. Assuming a specific yield for the coal 
of 0.4 percent (Table 3–5), the amount of (unconfined) storage in the coal within 
the 80-acre-foot area of one production well would be 16 acre-feet. The confined 
storage contribution therefore becomes comparable with contribution to uncon-
fined storage in the deeper parts of the basin where head drops of between 500 to 
1,000 feet might be encountered. The total volume of coal storage (from confined 
and unconfined storage) of 26 acre-feet (about 8.5 million gallons) is equivalent 
to a well pumping at 10 gpm for 1.6 years. 

Groundwater stored in the coal would be removed concurrently with leakage into 
the coal from above and below. Depending on the rate of leakage, the coal would 
not necessarily become dewatered in the short time frames noted. The contribu-
tion from leakage would increase over the life of a well as water stored in the 
coal is removed. Leakage rates under large induced vertical gradients can be sig-
nificant. For this example, a 500-foot head drop would result in a vertical hydrau-
lic gradient across the claystones of 12.5. Assuming very low vertical hydraulic 
conductivities for the claystone confining units, 6x10-11 ft/sec (derived from the 
Marquiss field data) results in a vertical leakage over the 80-acre area of 1.2 gpm 
from both above and below (for a total of 2.4 gpm). Higher head drops, higher 
vertical hydraulic conductivities, or thinner claystone units would lead to higher 
leakage rates. The leakage rates for this example are typical of the pumping rates 
for CBM wells during the latter portions of their productive life. 

The example illustrates that after about the first 2 years of pumping, most of the 
water produced by a CBM well likely would be coming from leakage. The higher 
storativity and specific yields in the sandstones result in relatively less observable 
drawdown in these units compared with the coal (as actually observed in the 
nested monitoring wells in the Marquiss area), while still providing a large 
source of water for leakage into the coal.  

Aquifer Characteristics 
The removal of water from the coal seam is unlikely to have any measurable ef-
fects on the physical characteristics of the aquifer and its ability to store or trans-
port water. Subsidence is discussed under the section on Geologic Hazards. 

Aquifer Conditions 
Removal of water from the coal seam and its subsequent disposal likely would 
have the following effects on conditions within affected aquifers at various times 
during or after development of CBM. 
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Alluvial Aquifers 
Depending on the water handling practices used within each sub-watershed, an 
estimated 80 to 95 percent of the groundwater produced from CBM operations 
would be released to surface drainages or impoundments. A portion of the re-
leased water would recharge the alluvium. Several studies of water flow losses in 
creeks during dry weather periods show that a considerable portion of the dis-
charged water infiltrates the alluvium within a few miles of the surface discharge 
outfall. 

Water levels in alluvium likely would increase from discharges of CBM pro-
duced water. In areas with near-surface water tables, the increase in water level 
may be exhibited as standing water in areas not previously displaying this condi-
tion or as wetland development, unless the number of CBM wells releasing pro-
duced groundwater to surface drainages or impoundments is carefully controlled. 

Ongoing studies conducted by BLM document effects and trends associated with 
the infiltration of CBM produced water into alluvial deposits. BLM studies in the 
following areas are described below: Brown Reservoir; Bone Pile Creek; Burger 
Draw; and Caballo Creek. 

Discharge of CBM produced water into a shallow 6-acre reservoir (Brown Res-
ervoir in T44N R76W) over a period of almost one year produced nearly a 10-
foot rise in the alluvial groundwater level immediately adjacent to the reservoir 
within five months of the onset of discharge (Day 2000). Where infiltration im-
poundments are used as a water handling method, a rapid rise in alluvial ground-
water levels could occur in the immediate vicinity of the impoundments within a 
few months of the onset of discharge. Water levels could return to pre-existing 
conditions within a few months after discharge ends, based on monitoring results 
in the Brown Reservoir area. No increase in water levels within alluvial deposits 
near stream channels located downstream of the impoundment could be docu-
mented (Day 2000). 

The rise in water levels within alluvial deposits likely could be confined to the 
immediate area surrounding the infiltration impoundment, based on monitoring 
results in the Brown Reservoir area. A rise in water level of up to 10 feet has 
been documented at this reservoir; however, changes in water levels could be 
greater or lesser in other areas. The rise in water level would be constrained by 
the unsaturated thickness of the alluvial aquifer near an infiltration impoundment. 
Throughout the PRB, alluvial aquifers typically are thin (30 feet or less). In 
places, alluvial aquifers may have an unsaturated thickness of 30 feet, or may be 
saturated to within 5 to 15 feet of the land surface (Slagle et al. 1985, Lenfest 
1987, Lowry and Rankl 1987, Ringen and Daddow 1990). 

The rise in water level that could be expected within the alluvial deposits also 
could be constrained by the likelihood that lateral flows would occur, limiting the 
rise in water level. Slagle et al. (1985), in describing the hydrology of alluvium 
within the northern portion of the PRB, indicate that once water reaching the 
saturated zone raises the water table in the alluvium to above-normal levels, lat-
eral flows would be induced, resulting in groundwater discharge to the nearby 
stream. For the purpose of this analysis, an estimated 15 percent of the water dis-



Chapter 4 — Environmental Consequences 

 4–15 PRB O & G FEIS 

charged to infiltration impoundments is assumed to flow laterally and discharge 
to surface drainages. 

The results of monitoring in the Bone Pile Creek and Burger Draw areas indicate 
that CBM produced water infiltrating the alluvium is continuing to move down-
ward and recharge the shallow Wasatch sand aquifer, even at depths as great as 
100 feet below the alluvium. Shallow bedrock monitoring wells located close to 
areas where CBM produced water is discharging into creeks or impoundments 
show increases in water levels, indicating this recharge is occurring. Data also 
indicate that CBM produced water is not completely saturating the alluvial sys-
tem. Declining water levels in the alluvium follow the recent trends in precipita-
tion and production of CBM water for the Bone Pile Creek area. Monitoring in 
the Burger Draw area documents a 6-foot rise in alluvial water levels since dis-
charges of CBM water began in this area in early 2002. 

Studies of streamflow in Caballo Creek, below its confluence with Bone Pile 
Creek, indicate that no significant increase in streamflow can be measured since 
the onset of CBM production. A lack of increased base flow downstream of loca-
tions where CBM produced water has been discharging indicates that evapotran-
spiration from the alluvium and leakage into shallow Wasatch sand units may 
consume most of the CBM produced water discharged in the Caballo Creek 
drainage. 

In other areas of the PRB, changes in water levels within the alluvium where 
CBM produced water is infiltrating the land surface would be expected to exhibit 
similar trends. Increases in water levels in the alluvium likely would closely fol-
low increases in the discharge and infiltration of CBM produced water. Declining 
production of CBM water likely would result in declining water levels in the al-
luvium. Variations in local climate or precipitation in an area could affect water 
levels in the alluvium. 

The City of Gillette currently pumps the alluvium of Donkey Creek within the 
community to maintain lower water levels. The city’s pumping rate could have to 
increase to maintain current water levels during continued CBM field develop-
ment. 

Fort Union Coal Aquifer 

Drawdown 
Under Alternative 1, the maximum drawdown the model projects in the coal zone 
of the upper portion of the Fort Union Formation from development of CBM in 
the coal-bearing units would occur during the period from 2006 to 2009, depend-
ing on location and the coal-bearing unit. The modeled drawdowns for the four 
coal-bearing intervals in the model (layers 8, 10, 12, and 14) for the years 2006, 
2009, 2012, and 2018 are shown in Figures 4–2 through 4–17. Because coal min-
ing and CBM operations are dynamic, the maximum areal extent of drawdown 
may change over time and may increase in some areas of the PRB while it recov-
ers in others. The maximum drawdown in any sub-watershed generally coincides 
with or closely follows the period of peak water production in the watershed (Ta-
ble 2–8). 



Chapter 4 — Environmental Consequences 

PRB O & G FEIS 4–16  

Projections of maximum drawdown and the extent of drawdown are based on the 
projected locations of CBM development. Actual locations and density of drilling 
may result in shifts of drawdown contours from the projections shown in Figures 
4–2 through 4–17. 

Maximum projected drawdowns would occur in the centers of CBM develop-
ment. Within the northern portion of the Project Area, production of CBM would 
occur from two or more coal-bearing units. Drawdown would depend on the 
depth of the target coal below the surface. In deep areas of the basin, such as the 
central and northwestern portions, maximum drawdowns projected by the model 
would exceed 800 feet. In shallow areas of the basin, such as the southeastern 
portion, modeled drawdowns would be 200 to 400 feet over most of the active 
CBM well fields. 

The locations of calibration monitoring wells are shown on Figure 4–18. Graphs 
of water level drawdown that show modeled versus actual drawdown over time 
for selected BLM monitoring wells in the Project Area are shown in Figures 4–1, 
4–19, 4–20, and 4–21. Generally, the graphs indicate reasonable agreement be-
tween modeled and actual drawdown over time, although the Prairie Dog moni-
toring well shows considerably more drawdown than the model prediction. The 
regional nature of the model tends to smooth and average predicted drawdown 
(AHA and Greystone 2002). The graphs show that the changes in water level for 
the coal aquifer that would be induced by CBM development tend to be rapid. 

Initial hydraulic head in the coal, as measured by the water level in a well com-
pleted in the coal, may be several hundred feet above the top of the coal. This 
initial hydraulic head is particularly true in the deep portions of the PRB, where 
the depth to the coal may exceed 1,300 feet. Removal of water from the coal in 
these areas during CBM development could result in drawdown of the hydraulic 
head to the top of the coal at the location of the pumping wells. For reference, 
where the depth to the coal is 1,200 feet and the depth to water in a well that taps 
the coal is 400 feet, an initial hydraulic head of 800 feet would exist. Even 
though the thickness of the coal itself may be only 100 feet, maximum drawdown 
in this example could be as much as 800 feet. 

Recovery 
Recovery of water levels in the coal would become apparent after water produc-
tion started to decline. Water production starts to decline in different years for 
various sub-watersheds (Table 2–8). Based on the projected developmentof 
wells, all production is expected to end by about 2018. Recharge to the coal 
comes primarily from the redistribution of stored water in the surrounding coal 
and continued slow leakage from overlying and underlying sand aquifers in the 
Wasatch and Fort Union Formations. 
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Figure 4–2 Modeled Drawdown Upper Fort Union Coals Layer 8 Year 
2006 
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Figure 4–3 Modeled Drawdown Upper Fort Union Coals Layer 10 Year 
2006 
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Figure 4–4 Modeled Drawdown Upper Fort Union Coals Layer 12 Year 
2006 
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Figure 4–5 Modeled Drawdown Upper Fort Union Coals Layer 14 Year 
2006 
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Figure 4–6 Modeled Drawdown Upper Fort Union Coals Layer 8 Year 
2009 
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Figure 4–7 Modeled Drawdown Upper Fort Union Coals Layer 10 Year 
2009 
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Figure 4–8 Modeled Drawdown Upper Fort Union Coals Layer 12 Year 
2009 
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Figure 4–9 Modeled Drawdown Upper Fort Union Coals Layer 14 Year 
2009 

 



Chapter 4 — Environmental Consequences 

 4–25 PRB O & G FEIS 

 

Figure 4–10 Modeled Drawdown Upper Fort Union Coals Layer 8 Year 
2012 
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Figure 4–11 Modeled Drawdown Upper Fort Union Coals Layer 10 Year 
2012 
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Figure 4–12 Modeled Drawdown Upper Fort Union Coals Layer 12 Year 
2012 
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Figure 4–13 Modeled Drawdown Upper Fort Union Coals Layer 14 Year 
2012 
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Figure 4–14 Modeled Drawdown Upper Fort Union Coals Layer 8 Year 
2018 
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Figure 4–15 Modeled Drawdown Upper Fort Union Coals Layer 10 Year 
2018 
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Figure 4–16 Modeled Drawdown Upper Fort Union Coals Layer 12 Year 
2018 
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Figure 4–17 Modeled Drawdown Upper Fort Union Coals Layer 14 Year 
2018 
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Figure 4–18 Location of Calibration Wells 
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Figure 4–19 Modeled vs. Actual Drawdown Graphs for BLM MP-2 Monitoring Wells (West of Belle Ayr Mine South of 
Gillette) 
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Figure 4–20  Modeled versus Actual Drawdown Graphs for BLM Prairie Dog Monitoring Well (Near Sheridan) 
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Figure 4–21 Modeled vs. Actual Drawdown Graphs for BLM 447131 Monitoring Well (Southeastern Powder River Basin) 
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Initially, recovery would be primarily a result of redistribution of groundwater 
stored in the aquifer. When the stresses of pumping are removed, the groundwa-
ter in storage outside the areas of CBM development would resaturate and rep-
ressurize the areas that were partially depressurized during operations. The 
amount of groundwater storage within the coals and sand units above and below 
the coals is enormous. Almost 750 million acre-feet of recoverable groundwater 
are stored within the Wasatch-Tongue River sands and coals (Table 3–5). Redis-
tribution is projected to result in a rapid initial recovery of water levels in the 
coal. The model projects that this initial recovery period would occur over 
25 years. 

By 2030, drawdowns of 50 to 200 feet would be typical within the portions of the 
Project Area that have undergone development of CBM. An estimated 100 feet 
of drawdown would still exist in most of the coal seams in the PRB. By 2060, 
water levels in the coal generally would recover to within 10 to 50 feet of pre-
operation levels, except in localized areas of the basin. The modeled drawdowns 
for the four coal-bearing intervals in the model (layers 8, 10, 12, and 14) for the 
years 2030 and 2060 are shown in Figures 4–22 through 4–29. The modeled 
drawdown distribution for year 2030 shows the end of the period of relatively 
rapid recovery in water level. The rate of recovery would then slow dramatically, 
eventually recovering to within 20 feet or less of pre-operation conditions over 
the next hundred years. 

Complete recovery of the water level would be a long-term process because ac-
tual recharge to the coal aquifer would need to replace groundwater removed 
from storage during CBM operations. Most of this recharge would come from 
leakage from overlying and underlying sand and undeveloped coal units. These 
units would, in turn, be recharged from surface infiltration. Recharge rates would 
increase temporarily as a result of infiltration of CBM produced water discharged 
to impoundments and streams. However, based on modeling and information 
from nested wells, it would take tens of years before these influences from sur-
face recharge would appear in the coal. Recharge to the coal in the central part of 
the PRB through surface infiltration at the outcrop areas would take even longer. 

Coal mining along the eastern and northwestern subcrop would result in minimal 
recharge to the coal while the mines are active because of the groundwater sink 
caused by pit dewatering. As mines are reclaimed and eventually shut down, the 
backfilled areas would become long-term recharge zones for the coal aquifer. 
Infiltration through backfill areas may be substantial because the permeability of 
the backfill materials tends to be much higher than in the original unmined mate-
rials. In addition, most of the creeks would be diverted over these backfilled ar-
eas, providing an important source of recharge water. 
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Figure 4–22 Modeled Drawdown Upper Fort Union Coals Layer 8 Year 
2030 
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Figure 4–23 Modeled Drawdown Upper Fort Union Coals Layer 10 Year 
2030 
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Figure 4–24 Modeled Drawdown Upper Fort Union Coals Layer 12 Year 
2030 
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Figure 4–25 Modeled Drawdown Upper Fort Union Coals Layer 14 Year 
2030 
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Figure 4–26 Modeled Drawdown Upper Fort Union Coals Layer 8 Year 
2060 
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Figure 4–27 Modeled Drawdown Upper Fort Union Coals Layer 10 Year 
2060 
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Figure 4–28 Modeled Drawdown Upper Fort Union Coals Layer 12 Year 
2060 
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Figure 4–29 Modeled Drawdown Upper Fort Union Coals Layer 14 Year 
2060 
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Wasatch Sand Aquifer 

Drawdown 
Drawdown within the shallow and deep sands of the Wasatch Formation cannot 
be accurately projected by the regional model because of the variability of the 
sand units and the general lack of data available to calibrate the model layers that 
represent the Wasatch Formation. A detailed evaluation of the Caballo Creek 
area was performed because this area has a long history of CBM development 
and because long-term monitoring data are available from Wasatch sands close to 
the developed coal seams. A more detailed sub-area model was constructed for 
this area. The monitoring data allowed a more definitive calibration of the sub-
model, and accordingly, the projections from the sub-model are likely to be more 
reliable. Figure 4–30 shows the modeled versus actual drawdown over time in 
the Caballo Creek area. Projections are shown for the coal and the deeper Wa-
satch sands, 40 to 50 feet above the developed coal. Maximum drawdown of the 
deep Wasatch sands is projected to reach about 60 feet in year 2010 (Figure 4–
30). 

Drawdown effects in deep Wasatch sands can be estimated by extrapolating the 
results from the Caballo Creek sub-area model. Over the PRB in general, the 
drawdown effects in the overlying Wasatch sand aquifers are likely to be much 
less than in the coal aquifer, but may be noticeable for deep sand units that occur 
within 100 feet of a developed coal. Based on the detailed model of Caballo 
Creek and existing monitoring data in the Marquiss area, drawdowns in deep 
sands that occur within 100 feet of developed coals may be between 5 to 10 per-
cent of the projected drawdowns in the coal. 

Drawdowns in the deep Wasatch sands would tend to occur several years after 
drawdown in the coal. The maximum modeled drawdown in the coal in the Ca-
ballo Creek model would occur about 6 years earlier than the maximum modeled 
drawdown in the deep Wasatch sands (Figure 4–30). Drawdown in the shallow 
Wasatch sands is expected to occur only near mines and areas where the target 
coal seam for CBM development is nearer the surface. 

Recharge 
Some of the groundwater released to surface drainages or impoundments would 
recharge shallow bedrock (Wasatch Formation). A portion of the water released 
would recharge the alluvium. In turn, the alluvium along many of the creek val-
leys would recharge the underlying Wasatch sands. The nature of recharge in any 
area is directly related to the permeability of the surface exposures of the Wa-
satch Formation under creeks and ponds. 

Recharge to the Fort Union coal zone and higher units by infiltration of CBM 
produced water is summarized by sub-watershed for each alternative (Table 4–1). 
An estimated 15 to 33 percent of the CBM produced water would infiltrate the 
surface and recharge the coal zone aquifer under Alternative 1. 
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Figure 4–30 Modeled and Actual Hydrographs of Groundwater Levels in the Caballo Creek Area near Gillette 
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The water levels in shallow Wasatch sands would increase because of infiltration 
of CBM produced water discharged to creeks and impoundments in some areas 
of the basin. Shallow bedrock monitoring wells located close to areas where 
CBM produced water is discharging into creeks or impoundments have shown 
water level increases, indicating that this recharge is occurring. The changes in 
water level for shallow Wasatch aquifers from this recharge effect could not be 
adequately assessed by the regional model but were evaluated by examining the 
area of affected alluvial drainages and the probable range of vertical infiltration 
rates into the Wasatch Formation below the creeks and ponds in a sub-area model 
covering the LX Bar watershed (AHA and Greystone 2002). 

Based on the detailed model completed for the LX Bar sub-watershed, water lev-
els in the shallow Wasatch sands in the immediate vicinity of infiltration im-
poundments may experience increases of as much as 50 feet. Water levels in 
shallow sands at locations more than a few hundred feet from impoundments or 
creek discharge points would tend to increase slowly, with a projected increase of 
10 feet (AHA and Greystone 2002). 

The regional model included the recharge volumes from CBM discharge to 
ponds and creeks. The total discharge from CBM operations was obtained from 
the model output for each of the sub-watersheds. This projected water production 
would be managed according to the options for water handling identified for each 
sub-watershed under Alternative 1 (Table 2–9). The projected net recharge was 
calculated using the percentage of the produced water handled by each method 
and the projected loss through infiltration. This infiltration has been characterized 
as an areal recharge, considering the scale and limited detail in the regional 
model. 

The calculated net recharge volume, on a year-by-year basis, was divided by the 
area of projected development of CBM within each sub-watershed to obtain an 
equivalent recharge rate for the area, in inches per year. This additional recharge 
was then input into the model for the area of development of CBM within each 
sub-watershed during the period when CBM operations are expected to be active. 

Recovery 
Recovery in the deep Wasatch sands would tend to occur after water levels in the 
coal recovered substantially and induced leakage from the deep Wasatch sands 
into the coal became minimal. The projected recovery of water levels in the deep 
Wasatch sands after the end of development of CBM would be slow until water 
levels recover in the coal because the sands would continue to recharge the coal 
even after development of CBM ceases. 

After the water levels in the coals recover substantially and the induced leakage 
from the deep sands into the coals becomes minimal, the Caballo Creek sub-area 
model projects that water levels would recover to within 25 feet of pre-operation 
levels over 20 years after CBM development ends in the area. Throughout the 
Project Area, recovery within the deep Wasatch sands generally would show 
trends similar to the Caballo Creek area, likely experiencing recovery of more 
than 50 percent by 2030. Water levels would eventually recover to within less 
than 20 feet of pre-operation levels over the next hundred years (Figure 4–30). 
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Groundwater Use 

Water Wells 
Impacts to individual water wells completed within the coal, and in sands above 
the coal, would depend on proximity to CBM production wells, depth and com-
pletion interval of the water well, and the yield required to maintain the well as a 
usable source. Drawdown of water levels in coal aquifers caused by development 
of CBM may affect individual well users by reducing well yield. Refer also to the 
discussion of Methane Emissions presented below. 

Under Alternative 1, the model projects more than 800 feet of coal aquifer draw-
down near the centers of active development of CBM. The maximum available 
drawdown (the hydraulic pressure head) in the coal aquifer in the affected areas 
ranges from 300 to 1,400 feet. Most individual water supply wells in the coal 
seam do not exceed 600 feet in depth and have up to 300 feet of available draw-
down. Well pumps typically are set between 50 and 200 feet below the static wa-
ter level in the well. Impacts in terms of well yield or availability are likely to be 
an issue only if the drawdown exceeds 20 to 30 percent of available drawdown at 
any location. This area would tend to coincide with the area of drawdown in ex-
cess of approximately 100 feet. The decreased head the well pump operates 
against may cause the pump discharge to decrease. However, yield may be re-
stored by installing a larger pump if sufficient available drawdown remains in the 
well. In cases where the drawdown causes the water level in a well to drop below 
the intake, the pump may have to be lowered in the well. 

Changes in water levels in wells are not expected to be as significant in the aqui-
fers above or below the coal because it is confined both above and below by low-
permeability claystone layers over most of the PRB. Examination of drilling and 
geophysical logs from CBM wells shows that the coal seams are separated from 
sands in the overlying Wasatch Formation by a relatively continuous, low-
permeability claystone and siltstone confining layer that ranges in thickness from 
11 to 363 feet. In most cases, the claystone confining unit is at least 30 feet thick. 
The large variation in thickness is mostly a function of whether any significant 
sands exist in the lower part of the Wasatch Formation at a given location. This 
claystone unit restricts hydraulic communication between the coal and the over-
lying Wasatch sands. A significant period (typically several years) likely would 
pass before drawdown effects caused by pumping groundwater from the coal are 
apparent in the overlying Wasatch sands. Although as noted in Chapter 3, the 
integrity of the confining layer may be compromised locally by water supply 
wells that are screened through both the coal and the overlying sands, by deterio-
rating well casings, or by poorly plugged oil and gas wells or exploratory drill 
holes, isolated local influences would not affect regional results. 

Drawdown in the Wasatch sands may affect users of water from the Wasatch aq-
uifer. The water well agreement would protect landowners if impacts were to 
occur on federal mineral ownership lands and non-federal lands where the 
agreement is in place. 

The model also indicates that the sand units in the lower members of the Fort 
Union Formation may experience declines in water levels of up to 50 feet where 
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intensive CBM production occurs in the overlying Fort Union Formation coals. 
This drawdown is unlikely to noticeably affect use of these aquifer units for wa-
ter supply. Refer to the section on mitigation measures for water wells that are 
affected individually. A standard agreement has been developed by CBM opera-
tors to monitor and mitigate impacts to owners of individual water wells that are 
caused by CBM operations. A copy of this water well agreement format is con-
tained in Appendix G. Wyoming Statute 41–3–933 specifically states that 
groundwater levels and artesian pressures in water wells are not guaranteed. 

Artesian flow has been reported in wells located near the Powder River, where 
the hydraulic head from the deep coal aquifer extends to the surface. Groundwa-
ter has been discharging in this area, in part, to artesian wells. A reduction in hy-
draulic head within the coal aquifer (projected to occur during development of 
CBM under Alternative 1) likely would reduce or eliminate artesian flow in wa-
ter wells. Artesian flow in wells likely would not recover until hydraulic head in 
the coal aquifer recovers sufficiently after development of CBM. 

The recovery of the coal zone aquifer projected by the model is based on the as-
sumption that significant infiltration from the surface would extend downward 
and reach the Fort Union Formation. The recovery time frame and the likelihood 
that complete recovery would occur are not certain, based on currently available 
data. Recovery of the hydrostatic head in the coal aquifer after groundwater is 
extracted by CBM operations may not ever be complete or may be a slow process 
if infiltration and leakage from the overlying Wasatch Formation are inhibited or 
stopped by shale confining layers above the coal zone at some locations. The pe-
riod of recovery could be long, longer than a lifetime, or complete recovery may 
never occur. 

Artesian wells in the northern PRB are integral to the area’s agricultural and 
ranching operations. Deep wells near the Powder River that are completed in the 
coal aquifer likely would be affected by drawdown associated with development 
of CBM. Mitigation of water wells in this area could be an undertaking of con-
siderable magnitude if existing uses are to continue. Mitigation under the terms 
of the water well agreement or landowner’s surface use agreements would con-
tinue until the hydraulic head of the coal aquifer recovers sufficiently after devel-
opment of CBM and could involve the descendents of current landowners before 
mitigation is completed. Artesian conditions likely would not recover unless re-
covery of the last 5 percent of hydraulic head occurs. Groundwater uses that rely 
on the existing artesian conditions in wells likely would be affected for many 
years.  

According to WSEO records, some artesian flow in the northern PRB is associ-
ated with shallow wells. Shallow wells likely represent a shallow, local ground-
water flow system that would not be affected by drawdown of the coal aquifer. 
However, infiltration of CBM produced water may affect the flow rate and water 
chemistry of shallow artesian wells. Flow rates of these shallow wells could in-
crease while large volumes of produced water are infiltrating the surface at loca-
tions upstream or uphill of the wells. 

Many issues related to water wells, including shallow artesian wells, deep water 
wells near the Powder River, and monitoring wells at coal mines, would depend 
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on site-specific geologic and hydrologic conditions and existing or proposed de-
velopments. Water well and monitoring well impacts would be analyzed on a 
site-specific basis at the APD or POD level of analysis, as APDs and PODs for 
federal CBM wells are reviewed by the BLM, and the FS as appropriate. The 
potential effects on water wells and monitoring wells would be analyzed and site-
specific mitigating measures, or monitoring requirements relating to a specific 
CBM well or group of CBM wells, would be developed based on the analysis. 
Impacts would be controlled through BLM-mandated APD conditions of ap-
proval that address landowner agreements, mitigation, monitoring, well control, 
casing, ventilation, and plugging procedures. 

Emissions of Methane 
Withdrawal of water during CBM development can depressurize the coal aquifer 
and induce methane release into nearby water wells completed in the coal aqui-
fer. Individual well users in the coal aquifer may experience an increase in emis-
sions of methane if the wells fall within an area that experiences noticeable aqui-
fer depressurization.  

Opportunities for development of groundwater may be limited in gas-bearing 
formations or in aquifers that contain entrained natural gas. Opportunities for 
development could be limited where gas is present in concentrations that are po-
tentially explosive or have a negative effect on water quality. 

Although methane is tasteless, odorless, colorless, and nontoxic to humans, its 
presence in groundwater can create an anoxic environment that may lead to geo-
chemical reactions and foster bacterial growth that adversely affect the taste, 
odor, and appearance of the pumped water. Near-surface migration of methane 
may displace oxygen, giving rise to anoxic environments where undesirable, sul-
fate-reducing bacteria can multiply. These bacteria release hydrogen sulfide, a 
toxic gas (BLM 2000a). The spread of bacteria in wells and aquifers could be 
increased where methane migration and seepage also are increased. 

When water that contains entrained natural gas is exposed to the air, gas is re-
leased from solution and can dissipate rapidly if adequate ventilation exists. 
However, natural gas entrained in groundwater can escape from solution and 
cause fire or explosion hazards in confined or poorly ventilated spaces. 

Records of the first indications of methane production in monitoring wells that 
have experienced drops in water levels as a result of mining indicate that meth-
ane emission from the coal can occur with as little as 50 feet of head drop (Belle 
Ayr Mine groundwater monitoring data). Consequently, coal wells within the 
predicted 50-foot drawdown area may be susceptible to this impact. Methane 
emissions by a well pose a potential explosive safety hazard, particularly if gases 
can build up in an enclosed space. Well houses and basements located within the 
area of potential 50-foot drawdown associated with operational CBM well fields 
should be properly ventilated and checked periodically for methane gas. 

Groundwater Chemistry 
Groundwater quality within the regional aquifer systems of the PRB would not 
be noticeably affected under Alternative 1. Limited water quality data suggest 
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that as CBM produced water infiltrates unsaturated alluvium, interactions be-
tween the produced water and alluvial deposits result in an alluvial water quality 
very similar to naturally occurring alluvial water quality (Meyer 2002c). Any 
noticeable effects on groundwater quality would be expressed as effects on aqui-
fers that would serve as injection zones during CBM development or on existing 
springs (which emanate from the ground and may contain groundwater derived 
from these aquifers). 

The issues associated with the potential effects on groundwater chemistry or 
quality are specific to the local conditions associated with sites under evaluation 
for proposed activities. The effects will be analyzed on a site-specific basis at the 
APD and POD level of analysis, as APDs and PODs for federal CBM wells are 
reviewed by BLM and the FS, as appropriate. The feasibility and potential effects 
of proposed development would be analyzed based on local conditions and site-
specific mitigating measures or monitoring requirements relating to a specific 
CBM well or group of CBM wells would be developed based on the analysis. 

Leakage 
Pumping of water at CBM wells likely would move waters with different chemis-
try from overlying or underlying sand layers into the coal aquifer. Movement of 
water associated with this leakage from surrounding layers into the coal zone has 
been projected by the groundwater model. No quantitative estimate of changes in 
groundwater chemistry can be made based on the limited baseline data from sand 
and coal units. Chemical processes that likely would be occurring and the effects 
of these changes on groundwater quality in the coal zone aquifer are described 
below. 

Some groundwater contained in Wasatch sandstones that directly overlie coal 
zones likely would leak into the Fort Union coal aquifer during development of 
CBM under Alternative 1. Preliminary results from sampling of a limited number 
of monitoring well clusters indicate the potential for movement of groundwater 
within the Wasatch Formation downward into the Fort Union Formation (Bartos 
and Ogle 2002, Rice et al. 2002). Groundwater in Wasatch sandstones and coals 
varies somewhat from the Fort Union coal aquifer, with a slightly higher median 
pH, higher concentrations of TDS (1,010 mg/L versus 838 mg/L), sulfate, and 
manganese, but lower concentrations of barium (Bartos and Ogle 2002, Rice et 
al. 2002). 

Procedures for drilling and completing CBM wells are strictly controlled by 
WOGCC and BLM requirements that ensure each formation remains as isolated 
as it is under natural conditions and that the integrity of the well bore remains 
intact. Development in accordance with these requirements is not likely to allow 
any leakage or mixing of groundwater in the formations penetrated. 

However, leakage and mixing between aquifers with differing water quality 
likely has occurred where aquifer zones in existing non-CBM wells were not iso-
lated during well completion or abandonment because of a lack of mechanical 
integrity, including inadequate casing, cementing, or plugging. High pH values 
are typical in wells contaminated with alkaline cement or bentonite (Bartos and 
Ogle 2002). 
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Many existing non-CBM well bores likely do not effectively isolate the forma-
tions penetrated and may serve as conduits for mixing of waters from different 
aquifers. Water wells frequently are screened over multiple aquifer zones, which 
would facilitate mixing of groundwater from different aquifer zones. Many older 
conventional oil and gas wells likely are inadequately cased, which potentially 
could have allowed any groundwater present to leak from one formation to an-
other. Numerous uncased boreholes were drilled in the PRB to evaluate uranium 
potential and were not properly plugged, which could have allowed any ground-
water present to leak through the formations that were penetrated. No compre-
hensive evaluation of the integrity of existing wells within the Project Area has 
been conducted. Many thousands of water wells, non-CBM oil and gas wells, and 
uncased boreholes are located within the Project Area. 

Infiltration 
This produced water would mix with available groundwater as it infiltrates. 
However, no quantitative estimate of groundwater chemistry changes can be 
made based on the limited baseline data from pre-CBM wells and the results of 
groundwater quality monitoring. Chemical processes that likely would be occur-
ring and the effects of these changes on groundwater quality in PRB aquifers are 
described below. 

CBM produced water that is exposed at the surface typically undergoes immedi-
ate changes in chemical composition that are the result of introducing oxygen to 
the water. Sulfate-rich surface waters also can mix with the extracted groundwa-
ter. Where oxygen has been introduced at the surface, iron and manganese have 
oxidized and precipitated, as evidenced by iron stains that are commonly associ-
ated with CBM discharge outfalls. Where CBM produced water that is rich in 
sodium and bicarbonate and contains barium has been mixed with sulfate-type 
water, barium has precipitated as barium sulfate. 

Limited monitoring data from shallow alluvial wells suggest that CBM produced 
water that has infiltrated unsaturated alluvial materials resembles naturally occur-
ring alluvial water quality very near the surface (Meyer 2002c). This suggests 
that the increased volume of water recharging the underlying aquifers of the Wa-
satch and Fort Union Formations would be chemically similar to alluvial 
groundwater. The alluvial aquifer appears to act as a “buffer,” with CBM pro-
duced water introduced to the system changing to become chemically similar to 
the alluvial groundwater rather than the alluvial groundwater being changed by 
the CBM produced water. 

No supporting data exist to enable an estimate of the magnitude of the “buffering 
capacity” of the alluvial aquifer, which could provide a projection of whether all 
of the anticipated CBM discharges could be “buffered” by the alluvial aquifers. 
However, the dissolution of gypsum (hydrous calcium sulfate) in the unsaturated 
zone very near the surface by infiltrating CBM produced waters likely is respon-
sible for the “buffering action” of the alluvial aquifers. Gypsum occurs abun-
dantly in environments characterized by considerable evaporation, such as 
ephemeral drainages. It is unlikely that gypsum occurring in the unsaturated zone 
of alluvial deposits would be depleted by infiltrating CBM produced water. 
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Dissolution of gypsum by infiltrating water would add calcium and sulfate to the 
water. Where barium and chloride are available in infiltrating waters, barium sul-
fate would precipitate. The dispersal of CBM produced water over the extensive 
ephemeral drainage systems in the PRB would tend to place less demand on the 
“buffering capacity” of the alluvial aquifers in any single location. 

As CBM recharge waters percolate and mix with groundwater, an oxygen-rich 
environment may be created, which will promote mineral oxidation, dissolution, 
and other chemical reactions. Eventually, when the dissolved oxygen is depleted, 
a reducing environment may be established. 

Impoundments 
The groundwater chemistry that is characteristic of CBM produced water would 
change over time as it evaporates from infiltration or containment impound-
ments. The processes and changes that are likely to occur are described later in 
thes chapter under the section on Surface Water. 

Water Wells 
Where CBM wells are drilled in close proximity to existing water wells, water 
quality in existing water wells may be temporarily affected immediately after the 
CBM wells are drilled and completed. The WSEO has received reports of in-
creased sediment, fines, and methane odor in wells where water is being pro-
duced from a zone shallower than the target coal. These effects were reported to 
be temporary, clearing up after a time. 

Springs 
An estimated 15 percent of the volume of CBM produced water handled by infil-
tration impoundments (Table 2–9) is considered in the analysis of surface water 
effects and the groundwater model to represent the contribution of CBM pro-
duced water to shallow lateral flows and subsequent discharge to springs and sur-
face drainages. Under Alternative 1, CBM produced water that flows laterally as 
shallow groundwater could mix with shallow groundwater or surface water from 
natural sources. However, no quantitative estimate of possible changes in 
groundwater chemistry for springs can be made. Chemical processes that likely 
would occur and the effects of these changes on groundwater quality in PRB aq-
uifers are described below. 

Where CBM produced water mixes with oxygen-rich, near-surface waters, iron 
and manganese in the produced water would likely oxidize and precipitate. Bar-
ium likely would precipitate as barium sulfate where CBM produced water that is 
rich in sodium and bicarbonate and contains barium is mixed with sulfate-type 
water typical of springs. 

CBM operations are not expected to have any impact on the water quality of 
Moyer Springs because discharge water is not likely to encroach on the recharge 
area of the spring. Water from Moyer Springs is of calcium sulfate chemical 
type, with concentrations of total dissolved solids in the 1,000 mg/L to 
2,000 mg/L range (Hodson et al. 1973). CBM produced water likely would be of 
equal or better quality. Therefore, even if some CBM discharge water recharged 
Moyer Springs, CBM operations should not adversely affect the water quality. 
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CBM Drilling Fluids 
Drilling fluids are not expected to have any effect on the Tertiary aquifer system. 
The WOGCC and BLM requirements for well drilling procedures ensure that 
each formation remains as isolated as under natural conditions and that the integ-
rity of the well bore remains intact, protecting groundwater quality in aquifers 
drilled by CBM wells. The enlarged well bore in open-hole completions is de-
signed so that it does not disrupt the structural integrity of the coal seam, because 
production of CBM depends on the integrity of the cleats (the system of small 
fractures that occur naturally in the coal). 

Drilling fluids do not contain constituents that would contaminate the formations 
surrounding the well bore of a CBM well. A mixture of water, native mud, and 
bentonite usually makes up the drilling fluid or drilling mud. Small amounts of 
biodegradable polymer additives or potassium chloride salts may be added to the 
mud to clean the hole and stabilize the clay. 

The drilling mud is in contact with the formations surrounding the uncased well 
bore for only a short time. The drilling fluids are in contact with the well bore 
before it is cased during a period of 1 to 3 days while the well is being drilled. 
The well bore is isolated from surrounding formations by casing cemented into 
place when the depths where casing is to be set are reached. The well bore is 
flushed with water before drilling continues. The coal zone is then drilled using 
water or air only. The finished hole may be flushed with water to remove coal 
fines before it is lined with tubing. 

Hydraulic Fracturing 
Small fractures are generated during well completion by hydraulic fracturing 
when the producing formation immediately surrounding the CBM well bore does 
not contain enough natural cleats or fractures to facilitate movement of gas to-
ward the well. In hydraulic fracturing, tiny grains of sand, aluminum pellets, 
beads of glass, or similar materials are carried in suspension by pressurized water 
and forced out into the formation through perforations in the well’s production 
casing. Only a limited area surrounding the CBM well bore is affected by this 
activity. Hydraulic fracturing is designed so that it does not disrupt the structural 
integrity of the coal seam. 

Fracturing fluids do not contain constituents that would contaminate the produc-
ing formation. Fluids used in hydraulic fracturing may or may not be acidic, de-
pending on the characteristics of the producing formation. 

Hydraulic fracturing is strictly controlled so that methane is directed toward the 
well bore. This procedure is designed to concentrate methane near the well bore 
and would not induce methane to migrate away from the well bore toward exist-
ing water wells. The use of hydraulic fracturing to complete CBM wells is not 
likely to release methane into the groundwater. To date, no impacts of hydraulic 
fracturing on existing water wells have been documented, based on a 1998 sur-
vey of state oil and gas agencies by the Ground Water Protection Council (EPA 
2002a). 

Hydraulic fracturing, if used to complete CBM wells, is not likely to have any 
effect on groundwater quality. No cases of groundwater contamination associated 
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with hydraulic fracturing of CBM wells have been substantiated and a recent 
study by EPA concluded that the potential threats to underground sources of 
drinking water (USDWs) posed by hydraulic fracturing of CBM wells appear to 
be low and do not justify further study (EPA 2002a). EPA found that thousands 
of CBM wells are fractured annually but did not find persuasive evidence that 
any drinking water wells had been contaminated by CBM fracturing (EPA 
2002a). The PRB was included in this study. None of the constituents used in 
hydraulic fracturing have been documented as affecting water wells or ground-
water supplies in the PRB. 

Injection 
Groundwater flow systems in potential injection zones below the coal zone aqui-
fer likely would be dominated by regional flows. Groundwater in these deeper 
aquifer units has not been developed as extensively as in aquifer units above the 
coal zone and in the coal zone itself. However, high yields of 200 to 300 gpm, 
especially in the Tullock aquifer, make the zone attractive for municipal and in-
dustrial uses. Many water supply wells for mines are completed in the Tullock 
aquifer (AHA and Greystone 2002). 
 
The effects of groundwater additions that would be associated with injection op-
erations are not well known. The injection of CBM produced water into disposal 
wells could affect the chemistry or quality, quantity, and temperature of ground-
water contained in the injection zone or other aquifers within the disposal well’s 
area of influence.  

Groundwater Flow Systems 
The groundwater resources of the PRB are vast (Table 3–5) and the reduction in 
volume of recoverable groundwater in storage within the PRB under Alternative 
1 would not be noticeable. Regional flow within and out of the PRB also would 
not be noticeably affected under Alternative 1. Any noticeable effects on local 
groundwater flow systems would be expressed as effects on existing springs, 
flowing (artesian) wells, or groundwater discharge areas. 

Groundwater Storage 
Before wells are developed, aquifers are in a state of dynamic equilibrium where 
recharge and discharge virtually balance over long periods (Lohman 1972). A 
natural groundwater flow system approximates steady-state flow where there is 
no change in head over time (Lohman 1972). 

The groundwater flow system of the PRB continues to be affected by activities 
that extract groundwater, preventing the flow equilibrium from being reestab-
lished. Only a portion of the groundwater extracted would be replaced through 
additional recharge or reduced discharge. The remaining portion of the ground-
water extracted would come from storage. Depending on the water handling 
practices used within each sub-watershed under Alternative 1, an estimated 15 to 
33 percent of the pumped water would be recharged to the groundwater system 
as a result of infiltration along creeks and below impoundments or injection 
(Table 4–1). 
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CBM produced water would consist primarily of groundwater pumped from stor-
age within the developed coals and water that leaked from nearby sand layers 
into the coals as a result of depressurization. Most of the produced water likely 
would come from leakage into the coal from sand layers above and below the 
coal zone. Groundwater that can be recovered from the coal by pumping would 
be removed early in the life of a CBM well. 

Nearly 1.4 billion acre-feet of recoverable groundwater exist within the Wasatch 
and Fort Union Formations in the PRB (Table 3–5). The majority of recoverable 
groundwater in the PRB is contained in sandstones within these formations. The 
projected CBM water production from 2002 to 2017, about 3 million acre-feet 
(Table 2–8), is less than 1 percent of the recoverable groundwater (almost 750 
million acre-feet) in the sands and coals of the Tongue River-Wasatch aquifer 
and only 0.2 percent of the recoverable groundwater stored within the Wasatch 
and Fort Union Formations of the PRB (Table 3–5). 

Downgradient Aquifers 
Both shallow and deep aquifers of the Northern Great Plains aquifer system are 
located downgradient of the Project Area (Downey 1986). Shallow Tertiary aqui-
fers flow north and east toward the northern PRB in Montana with some dis-
charge in the Gillette area (Lowry et al. 1986). The effects on these shallow 
downgradient aquifers would be similar to the effects already described in this 
chapter for these aquifers within the Project Area. 

Groundwater moves within deeper, lower Tertiary aquifers from southeastern 
Johnson County toward northeastern Natrona County to replace hydrocarbons 
pumped from oil fields in Natrona County (Lowry et al. 1986). This groundwater 
flow system is not hydraulically connected with the Tertiary coal zone aquifer, 
and would not be affected by CBM development. 

Deep aquifers downgradient of the Project Area include the lower Cretaceous 
and the underlying Madison. Neither of these aquifer zones is hydraulically con-
nected with the Tertiary coal zone aquifer. CBM development within the PRB is 
not likely to affect either of these deep aquifers. 

Groundwater in the Tertiary coal zone aquifer is moving to the north and east and 
is not a significant source of recharge to the underlying lower Cretaceous aqui-
fers (Lowy et al. 1986). The lower Cretaceous aquifers are recharged principally 
because of leakage from the underlying Madison aquifer (Lowry et al. 1986). 

Groundwater moves within the underlying Madison aquifer toward discharge 
areas in eastern North Dakota and South Dakota (Lowry et al. 1986). This 
groundwater flow system is not hydraulically connected with the Tertiary coal 
zone aquifer and would not be affected by CBM development. 

Pumping of Aquifers 
Local movement of groundwater near a pumping well or wells can be rapid, in 
contrast to the slow movement of groundwater within a natural system. For ex-
ample, a 1994 pump test of a municipal well near Gillette produced 85 gpm with 
a drawdown of 53 feet over 470 minutes. In contrast, the infiltration of meteoric 
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water downward along the hydraulic gradient into the Fort Union Formation at 
this same location can be inferred to require more than 50 years to travel less 
than 1,500 feet. This estimate is based on dating groundwater in the Fort Union 
Formation as sub-modern, or older than 1952 (Bartos and Ogle 2002, Rice et al. 
2002), and the as-built diagram for the municipal well (Wester-Wetstein and As-
sociates, Inc. 1999). 

Flowing Artesian Wells and Springs 
Flowing artesian wells consist of shallow and deep wells. The effects on flowing 
artesian wells under Alternative 1 would differ based on whether wells tap shal-
low local groundwater or deeper groundwater within the coal zone aquifer. 

Wells completed in shallow aquifers that flow locally would not be likely to be 
affected by drawdown of the coal zone aquifer during CBM development. These 
wells likely would be affected, however, by the increased availability of shallow 
groundwater where the CBM produced water is infiltrating. Increased flows 
would be the likely effects on wells completed in shallow aquifers. 

An estimated 15 percent of the volume of CBM produced water handled by infil-
tration impoundments (Table 2–9) is considered in the analysis of effects to sur-
face water and the groundwater model to represent the contribution of CBM pro-
duced water to shallow lateral flows and subsequent discharge to springs and sur-
face drainages.  

Deep flowing artesian wells completed in the coal zone aquifer or sandstone lay-
ers in hydraulic connection with the coal zone aquifer likely would be affected by 
drawdown of the coal zone aquifer during CBM development. Decreased flows 
or no flow would be the likely effects on wells completed in deep aquifers. 
Changes in flows are not quantified in this analysis. 

The effects on springs that issue from shallow sources would be similar to the 
effects on shallow flowing artesian wells described above. Increased availability 
of shallow groundwater caused by the infiltration of CBM produced water likely 
would cause new springs and seeps to develop downgradient of locations where 
infiltration is occurring. Possible effects on water chemistry are described in the 
subsection on groundwater chemistry. 

The public has expressed concern about the potential effects of CBM develop-
ment on springs that issue from clinker outcrops, such as the Moyer Springs lo-
cated north of Gillette in Section 30 Township 51N. Range 71W. Moyer Springs 
is located at the base of an exposed clinker deposit in the outcrop area of the Ro-
land-Smith coal seam. Recharge of the springs is through surface infiltration and 
lateral movement of water from adjacent clinker and alluvium. The springs issue 
along a low-permeability zone at the contact between the clinker and the coal. 
Large areas of clinker are exposed northeast and southeast of Moyer Springs 
(Williams 1978). This exposure allows a large amount of recharge to the clinker 
by infiltration of rainfall and snowmelt. Hodson et al. (1973) reported a flow of 
200 gallons per minute from Moyer Springs.  

No decrease in flows would be anticipated under Alternative 1 where the springs 
result from flow along a near-surface zone of low permeability that intercepts the 
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surface. Many springs in the Project Area, including Moyer Springs, represent 
this type. A contact of low permeability inhibits flow between the clinker and the 
coal. The presence of a low-permeability zone between the clinker and the coal 
channels water in the clinker to the spring rather than recharging the coal. A de-
crease in recharge to the spring (which is not projected to occur under Alternative 
1) could reduce flow for this type of spring. 

Groundwater Discharge Areas 
Groundwater has been discharging to the surface in many areas near the Powder 
River, where the hydraulic head from the deep coal aquifer intercepts the surface, 
and flow along the natural groundwater gradient is toward the river. A reduction 
in hydraulic head within the coal aquifer projected during development of CBM 
under Alternative 1 likely would reduce groundwater discharge and base flows in 
surface drainages within the Powder River’s drainage basin. Groundwater dis-
charge likely would not recover until the hydraulic head in the coal aquifer re-
covers sufficiently after development of CBM. Recovery of hydraulic head 
within the coal aquifer also is discussed earlier under the results of the groundwa-
ter model. 

Negligible infiltration would be anticipated where containment ponds or reser-
voirs constructed in upland areas would be used to handle CBM produced water. 
It is unlikely that new springs would develop or shallow infiltrated water would 
resurface near properly engineered and constructed containment impoundments, 
provided facilities are sited and constructed in accordance with WDEQ, WSEO, 
and WOGCC requirements. 

The use of infiltration impoundments or flow-through stock reservoirs during 
surface discharge associated with CBM development could cause new springs to 
develop where a near-surface zone of low permeability intercepts the surface, 
unless these water handling facilities are sited to minimize this potential effect. 
Siting in accordance with WDEQ and WSEO requirements and avoidance of 
sites where a zone of low permeability intercepts the surface downhill or down-
gradient from an area where considerable infiltration of CBM produced water is 
occurring would minimize the potential for shallow infiltrated water to resurface. 

One detailed model study for the LX Bar drainage (AHA and Greystone 2002) 
showed that the potential contributions to surface flows from increased ground-
water discharge would be much less than 1 cfs if all CBM produced water in the 
LX Bar drainage were held in infiltration impoundments. However, the same de-
tailed study also showed that the potential rise in groundwater in the shallow Wa-
satch sands would be up to 50 feet in the immediate vicinity of impoundments 
and up to 10 feet in areas that are several hundred feet from impoundments. This 
rise would occur if all CBM produced water in the LX Bar drainage were held in 
infiltration impoundments. 

The current water table may be shallow in many areas where infiltration im-
poundments could be constructed. The increase in water level in these areas may 
be exhibited as groundwater discharge to the surface, standing water in areas that 
did not previously display this condition, or as wetland development, unless the 
percentage of CBM wells where produced water held in infiltration impound-
ments is carefully controlled. The effects of impoundment and infiltration of 
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CBM produced water would need to be analyzed on a site-specific basis to en-
sure that water table and groundwater discharge effects are carefully balanced or 
mitigated during development of CBM. 

The issues associated with the impacts of dewatering (pumping) and infiltration 
on springs, pre-CBM artesian wells, and groundwater discharge areas are specific 
to the local conditions associated with sites under evaluation for proposed activi-
ties. The effects would be analyzed on a site-specific basis at the APD or POD 
level of analysis, as APDs and PODs for federal CBM wells are reviewed by 
BLM, and the FS as appropriate. The feasibility and potential effects of proposed 
development will be analyzed based on local conditions. Then, site-specific miti-
gating measures or monitoring requirements that relate to a specific CBM well or 
group of CBM wells would be developed based on the analysis. 

Alternative 2A 
Alternative 2A involves the same number of CBM wells and volume of water 
produced as Alternative 1. Except for the differences in recharge that would oc-
cur based on variations in water handling options (discussed below), the effects 
on groundwater resources would be similar to Alternative 1. 

The recharge effect was evaluated in this analysis by examining the area of af-
fected alluvial drainages and the probable range of vertical infiltration rates into 
the Wasatch Formation below the creeks and ponds. The total discharge from 
CBM operations was obtained from the projection for each sub-watershed (Table 
2–8). This CBM produced water would be managed according to the water han-
dling options identified for each sub-watershed under Alternative 2A (Table 2–
21). The net recharge was calculated using the percentage of the produced water 
handled by each method and the projected conveyance loss. The calculated net 
recharge volume, on a year-by-year basis, was divided by the projected CBM 
development area within each sub-watershed to obtain an equivalent recharge 
rate for the area in inches per year. Depending on the water handling practices 
used within each sub-watershed under Alternative 2A, an estimated 28 to 43 per-
cent of the pumped water would be recharged to the shallow groundwater system 
as a result of infiltration along creeks and below impoundments. This recharge 
under Alternative 2A is compared below with the values input into the model 
under Alternative 1. 

Alternative 2A involves different handling of the water produced by CBM opera-
tions in certain sub-watersheds. The proportion of water handled by infiltration 
impoundments and injection would be emphasized under Alternative 2A. Under 
Alternative 2A, less CBM produced water would be discharged to surface drain-
ages than under Alternative 1. More CBM produced water would be handled us-
ing infiltration impoundments, containment impoundments, LAD, and injection 
than under Alternative 1. In addition, under Alternative 2A there would be a 5 
percent reduction from Alternative 1 in the volume of produced water handled 
using LAD in the Crazy Woman Creek sub-watershed, with a corresponding in-
crease in the volume of produced water managed by injection. In the Salt Creek 
sub-watershed, the elimination of surface discharge would be replaced by other 
water handling methods, in particular infiltration impoundments and injection. 
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The differences in water handling methods generally would result in an increase 
in infiltration at the ground surface compared with Alternative 1. This increase 
would be small, with some watersheds (Antelope Creek, Upper Cheyenne River 
and Upper Belle Fourche River) actually showing small decreases. Increases in 
infiltration of between 12 and 28 percent would occur in the Salt Creek, Upper 
Powder River, Crazy Woman Creek, Clear Creek, Middle Powder River, and 
Little Powder River sub-watersheds compared with Alternative 1. Under Alterna-
tive 2A, the projected increase in surface infiltration would be a small fraction of 
an inch per year in the various sub-watersheds. These small changes would have 
a negligible effect on groundwater conditions within these drainages. An in-
creased percentage of water in the Crazy Woman Creek and Salt Creek sub-
watersheds would be managed by injection into aquifer units below the coal 
zone. 

Alternative 2B 
Alternative 2B involves the same number of CBM wells and volume of water 
production as Alternative 1. Except for the differences in recharge that would 
occur based on variations in water handling options (discussed below), the effects 
on groundwater resources would be similar to Alternative 1. 

The recharge effect was evaluated in this analysis by examining the area of af-
fected alluvial drainages and the probable range of vertical infiltration rates into 
the Wasatch Formation below the creeks and ponds. The total discharge from 
CBM operations was obtained from the projection for each sub-watershed (Table 
2–8). This CBM produced water would be managed according to the water han-
dling options identified for each sub-watershed under Alternative 2B (Table 2–
22). The net recharge was calculated using the percentage of the produced water 
handled by each method and the projected conveyance loss. The calculated net 
recharge volume, on a year-by-year basis, was divided by the projected CBM 
development area within each sub-watershed to obtain an equivalent recharge 
rate for the area in inches per year. Depending on the water handling practices 
used within each sub-watershed, under Alternative 2B an estimated 21 to 30 per-
cent of the pumped water would be recharged to the shallow groundwater system 
as a result of infiltration along creeks and below impoundments (Table 4–1). This 
recharge under Alternative 2B is compared below with the values input into the 
model under Alternative 1. 

Alternative 2B involves different handling of the water produced by CBM opera-
tions in certain sub-watersheds. An upper limit would be set on the proportion of 
water handled by infiltration impoundment under Alternative 2B, and active 
treatment of CBM-produced water would be included as a water handling 
method. Under Alternative 2B, less CBM produced water would be discharged to 
surface drainages than under Alternative 1. More CBM-produced water would be 
handled using infiltration impoundments, containment impoundments, LAD, and 
injection than under Alternative 1. In the Salt Creek sub-watershed, the elimina-
tion of surface discharge would be replaced by increased use of other methods, in 
particular infiltration impoundments and injection. 
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The difference in water handling methods for Alternative 2B generally would 
result in a small change in infiltration at the ground surface compared with Alter-
native 1. The changes in infiltration associated with Alternative 2B are generally 
small, with the largest increases in infiltration occurring in the Crazy Woman 
Creek and Middle Powder River sub-watersheds. The Upper Tongue River, Salt 
Creek, Antelope Creek, Upper Cheyenne River, and Upper Belle Fourche River 
sub-watersheds would show small decreases in infiltration. Under Alternative 
2B, this projected increase in surface infiltration would involve a small fraction 
of an inch per year in the various sub-watersheds. These small changes would 
have a negligible effect on groundwater conditions within these drainages. The 
percentage of water managed by injection by injection into aquifer units below 
the coal zone would increase in the Crazy Woman Creek and Salt Creek sub-
watersheds.  

Alternative 3 
Under Alternative 1, the largest numbers of new federal CBM wells would be 
drilled in the Upper Powder River and Upper Belle Fourche River sub-
watersheds (24,898 of 39,367 projected wells under Alternative 1). The exclusion 
of federal wells from these sub-watersheds under Alternative 3 represents a 77 
percent reduction in the Upper Powder River sub-watershed (14,531 wells) and a 
43 percent reduction in the Upper Belle Fourche River sub-watershed (2,531 
wells). The percentage reduction in wells also would be high in the Middle Pow-
der River sub-watershed, where the reduction would be 79 percent (or 757 wells). 
More than 1,000 wells also would be eliminated in each of the following sub-
watersheds: Crazy Woman Creek (1,986 wells); Clear Creek (1,265 wells); Little 
Powder River (1,076 wells); and Antelope Creek (1,041 wells). Relatively lower 
percentage reductions in wells would occur in the Upper Tongue River sub-
watershed (17 percent) and in the Clear Creek sub-watershed (34 percent). 

Water handling options would be same as under Alternative 1. Depending on the 
water handling practices used within each sub-watershed, an estimated 15 to 33 
percent of the groundwater produced from CBM operations would be released to 
surface drainages or impoundments (Table 4–1). 

Table 2–34 shows the projected quantity of water that would be removed during 
CBM development occurring from 2002 through 2017, summarized by sub-
watershed. Within the Project Area, water production would be projected to peak 
during 2005, at a rate of 212,919 acre-feet per year. Although water production 
would decline substantially in all sub-watersheds under Alternative 3, the per-
centage reduction in water production, compared with Alternative 1, would be 
less than is shown in Chapter 2. Under Alternative 3, individual wells would 
yield more water to maintain sufficient drawdown and allow methane to be pro-
duced. The projected CBM water production from 2002 to 2017, about 1.6 mil-
lion acre-foot (Table 2–34), represents about 0.1 percent of the recoverable 
groundwater stored within the Wasatch and Fort Union Formations of the PRB 
(Table 3–5). 

The extent of drawdown in the coal units would also change. The greatest change 
would occur in the sub-watersheds with the largest percentages of federal wells. 
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The areal extent of the 25-foot drawdown contour would tend to decrease in ar-
eas where large concentrations of federal wells would be drilled under Alterna-
tive 1 for example, in the Upper Powder River and Upper Belle Fourche River 
sub-watersheds. It is less likely that state and fee wells would be developed 
around large undeveloped federal blocks unless there would be enough wells to 
maintain adequate drawdown and produce methane. 

The volume of produced water that would recharge shallow bedrock and allu-
vium would diminish proportionately with the decline in water production. The 
areal extent of recharge would be reduced to exclude areas that would have con-
tained new federal CBM wells, such as in the Upper Powder River, Upper Belle 
Fourche River, and Crazy Woman Creek sub-watersheds. In areas that would 
have had very high concentrations of federal wells under Alternative 1, the extent 
of drawdown in the coals would be considerably less because of non-
development under Alternative 3, resulting also in less drawdown within the 
overlying Wasatch sands. 

Cumulative Effects 
Regionally, the various PRB coal zones merge, split, and pinch out laterally in 
complex patterns (Flores 1999, Flores et al. 1999). Coal zone aquifers within the 
Project Area occur as layers that, individually, are continuous only over an aver-
age distance of 10 miles. Although regional groundwater flow toward the north 
occurs, it is interrupted where coal aquifers are discontinuous, and groundwater 
is discharged in local flow systems. Where coal aquifers are discontinuous, flow 
in local groundwater systems (bedrock, alluvial, and clinker) appears to dominate 
over the flow in a regional system (Rankl and Lowry 1990). Most of this local 
groundwater discharge from bedrock aquifers occurs above stream level and is 
lost through evapotranspiration or is consumed as soil moisture and does not 
make a noticeable contribution to surface drainages. 

The areal extent and magnitude of drawdown effects on coal zone aquifers and 
overlying or underlying sand units in the Wasatch Formation also would be lim-
ited by the discontinuous nature of the different coal zones within the Fort Union 
Formation and sandstone layers within the Wasatch Formation. Where a coal 
zone aquifer or sandstone layer pinches out laterally, drawdown effects also 
would be interrupted somewhat, although leakage from nearby layers would con-
tinue. This discontinuous nature of the various coal zones would tend to limit the 
areal extent of drawdown in Montana, outside the Project Area, that is associated 
with CBM development in the PRB within Wyoming. 

Computer modeling of groundwater resources could not capture the level of sub-
surface detail in the PRB. Hydrogeologic layers included in the model assumed 
that the coal beds are more continuous and are of a more uniform thickness than 
actually occur in the PRB to develop a reasonable model for this analysis. The 
drawdown effects on coal zone aquifers predicted by the model represent the 
maximum areal extent and magnitude of drawdown, assuming continuous layers 
of variable thickness. Drawdown in discontinuous layers likely would be limited 
by the continuous areal extent of the layer. Where coal aquifers are mined, such 
as in the area near the state line, the mine is established as a drain node in the 
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model. A quantitative estimate of CBM-associated drawdown near a mine area is 
difficult to predict. 

Alternative 1 
The cumulative impacts on groundwater resources from activities associated with 
CBM development and with coal mining were included in the groundwater 
model and impact analysis described earlier in this chapter. Reasonably foresee-
able groundwater conditions could not be considered separately for proposed 
CBM development. Therefore, the analysis included the impacts of existing and 
reasonably foreseeable CBM development and mining. Reasonably foreseeable 
coal mining, as depicted in mine plans and existing effects of coal mines on 
groundwater resources were incorporated into the groundwater model. Projected 
and existing or already authorized development of CBM also was incorporated 
into the groundwater model. Projected water production, shown in Table 2–8 and 
already discussed in this chapter, represented the total for existing and authorized 
CBM wells and CBM wells projected under Alternative 1. 

Development of CBM through 2018 and coal mining through 2033 would re-
move 4 million acre-feet of groundwater from the coal zone aquifer (AHA and 
Greystone 2002). Projected water production from CBM development (about 
3 million acre-feet, from Table 2–8) and projected groundwater removed during 
mining (about 1 million acre-feet, estimated on a yearly basis from 1976 to 2033 
in the groundwater model), cumulatively represent 0.5 percent of the recoverable 
groundwater stored in the Wasatch-Tongue river sands and coals (nearly 750 mil-
lion acre-feet, from Table 3–5). All of the groundwater projected to be removed 
during reasonably foreseeable CBM development and coal mining would repre-
sent less than 0.3 percent of the total recoverable groundwater in the Wasatch and 
Fort Union Formations within the PRB (nearly 1.4 billion acre-feet, from Table 
3–5). 

Northeast of Sheridan, Wyoming, the model projects some effects of the pro-
posed project extending into Montana for a short distance; however, these projec-
tions near the Montana-Wyoming state line are based on limited data. Draw-
downs of 100 feet in the Fort Union coal zone are projected to extend 1 to 
3 miles into Montana (Figure 4–6). The model projects recovery in the coal zone 
to a 20-foot drawdown by 2060 for most areas in Montana that would be affected 
by the project (Figures 4–26 through 4–29). 

Cumulatively, groundwater would be removed from the coal aquifers that under-
lie the Project Area, temporarily reducing or eliminating the hydraulic pressure 
head in the coal. An estimated 15 to 33 percent of the groundwater removed 
would infiltrate the surface and recharge the shallow aquifers above the coals. 
Redistribution of pressure within the coals after water production ends would 
allow the hydraulic pressure head to recover within approximately 50 feet or less 
of pre-project levels within 25 years after the project ends. Complete recovery of 
water levels likely would take tens to hundreds of years, depending on the loca-
tion. This drop in hydraulic pressure head likely would cause a slight reduction in 
regional groundwater discharge to surface drainages within the Powder River 
system, including drainages downstream of the Project Area, in Montana. 
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Wasatch aquifers that overlie the coals also would be affected by development. 
As the coal is de-pressurized by water removal during mining or development of 
CBM, water contained in deep Wasatch sands would leak into the coals. Water 
levels in the deep Wasatch sands would be lowered, but the drawdown in the 
deep Wasatch sands likely would be less than 10 percent of the level that would 
occur in the coal. Water levels in the deep Wasatch sands also would recover af-
ter development ends. Recovery to within 25 feet of pre-operational levels would 
occur 25 years after development ends. Complete recovery of water levels likely 
would take tens to hundreds of years, depending on location. Water levels (the 
water table) in shallow Wasatch sands are not likely to be lowered during devel-
opment except in areas of shallow coal and also would recover after water pro-
duction ends. In some areas, water levels in very shallow Wasatch sands likely 
would rise initially, up to 50 feet in the immediate vicinity of impoundments and 
up to 10 feet at distances of several hundred feet from impoundments or surface 
drainages that receive CBM discharge. This rise would occur through enhanced 
recharge from infiltration of CBM produced water. 

Impacts between CBM and coal development are differentiated below. Some 
similarities and some differences in the impacts are associated with mining and 
development of CBM. 

Effects on the Coal Aquifer 
Both mining and CBM development result in partial removal of the water from 
the coal seam. In mining, the coal is removed so that impacts to the coal aquifer 
are considerable. Immediately adjacent to active mine pits, the water from the 
coal aquifer will drain into the pit, which would dewater the aquifer. The extent 
of coal aquifer dewatering and de-pressurization associated with mining depends 
largely on the continuity of the coal near the mine and its overall permeability (a 
function of fracturing). In areas of high coal permeability, which tend to coincide 
with major fracture trends, the extent of drawdown may be several miles. Areas 
of limited coal drawdown related to mining are associated with lower permeabil-
ity or less fracturing in the coal. 

Pumping groundwater from the coal induces depressurization during active de-
velopment of CBM. Pumping removes water (and methane) but leaves the coal 
itself essentially undisturbed. Depressurization within the coal caused by devel-
opment of CBM would be more widespread than is caused by mining because 
development of CBM would cover a much larger area. Mining is limited to an 
area within 2 to 3 miles of the coal outcrop because of the ratios of overburden 
and coal strips. Development of CBM is projected to cover most of the Project 
Area. 

Impacts to Aquifers Stratigraphically Above the Coal 
The sand aquifers of the Wasatch Formation are hydrologically separated from 
the coal zone within the Fort Union Formation by low-permeability claystones. 
During mining, the shallower aquifers (the overburden) must be removed to ex-
pose the coal. Impacts to these aquifers in mined areas are considerable. Immedi-
ately adjacent to active mine pit areas, the Wasatch sands intercepted by excava-
tions may drain into the pit and become dewatered. The areal extent of dewater-
ing in the Wasatch aquifer associated with mining depends largely on the conti-
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nuity of the sand units near the mine and whether these sand units are intercepted 
by mining. There are many examples of overburden monitoring wells completed 
in relatively isolated sand units that show little influence from nearby mining. 
Drawdown in the coal aquifer induced by mining, in turn, induces vertical leak-
age from the overlying Wasatch sands, contributing to drawdown in these sands. 

During developmentof CBM, the Wasatch sand aquifers would not be directly 
affected by excavations or surface-disturbing activities. Leakage from the Wa-
satch sands into the coal would be enhanced by development of CBM. Because 
of the limited hydraulic communication between the coal and the overlying Wa-
satch sands, a considerable period (typically several years) may pass before no-
ticeable drawdown in the sands occurs. The areal extent of drawdowns in the 
Wasatch sands from development of CBM would be much greater than is caused 
by mining. 

Changes in Infiltration Rates and Recharge 
During mining, the overburden (including Wasatch sand aquifers) and coal aqui-
fers are removed and replaced with backfill material (spoils). Infiltration and re-
charge through the spoils are likely to be higher than in the original, undisturbed 
materials. The aquifers would remain essentially undisturbed during development 
of CBM and the infiltration and recharge mechanisms also would be unchanged. 
Water discharged to the surface from CBM operations would increase recharge 
to alluvial aquifers and underlying Wasatch sands. 

Changes in Groundwater Quality 
Induced leakage of groundwater from the Wasatch sands into the coal zone aqui-
fer would occur as a result of both mining and development of CBM. The possi-
ble effects when groundwater from the Wasatch sands mixes with water con-
tained in the coal zone aquifer are discussed earlier in the section on Groundwa-
ter, under Alternative 1 — Groundwater Chemistry. 

After mining, the coal and Wasatch sand aquifers are replaced with spoils that 
have the potential to change the quality of groundwater. Water removed from the 
coal during development of CBM would recharge alluvial and Wasatch sand aq-
uifers. The possible effects associated with the mixture of CBM produced water 
with groundwater in the shallow aquifer system are discussed earlier in the sec-
tion on groundwater, under Alternative 1 — Groundwater Chemistry. 

Discharge of Produced Waters 
Both mining and development of CBM result in the collection and discharge of 
water to surface drainages. Mine inflow water is first stored in sediment ponds to 
reduce sediment picked up in the pit. Much of this water is used for dust suppres-
sion and is not discharged to surface drainages, except during certain storm 
events. The discharge water from sediment ponds potentially would have higher 
TDS values and be of lower quality as a result of sediment mixing and concentra-
tion by evaporation. CBM discharges are essentially sediment-free (as produced 
from CBM wells), although discharge to surface drainages can increase sediment 
loading caused by increased stream erosion. 



Chapter 4 — Environmental Consequences 

PRB O & G FEIS 4–68  

Fort Union Aquifers Underlying the Coal Zone 
Mining may affect aquifers underlying the coal zone by potentially influencing 
recharge water quality. Groundwater withdrawals from lower aquifers for mine 
use also may affect these aquifers. Development of CBM may affect lower aqui-
fers by inducing upward leakage from them into the coal during coal de-
pressurization. These cumulative influences were included in the groundwater 
model. 

Moyer Springs 
The potential effect to Moyer Springs flows by proposed surface mining has been 
recognized, as removal of the Wasatch Formation and alluvial overburden during 
mining operations may decrease recharge to the spring. Accordingly, the Dry 
Fork Mine Permit requires Dry Fork Coal Company to protect the clinker aquifer 
that feeds Moyer Springs. 

Alternative 2A 
The cumulative impacts on groundwater resources would be similar to those de-
scribed under Alternative 1, except as noted below. 

Projected development of CBM and development of CBM existing or authorized 
before this analysis also were incorporated within the groundwater model. Pro-
jected water production, shown in Table 2–8 and already discussed in this chap-
ter, represented total water production for existing and authorized CBM wells 
and CBM wells projected under Alternative 2A. 

Cumulatively, groundwater would be removed from the coal aquifers underlying 
the Project Area, temporarily reducing or eliminating the hydraulic pressure head 
in the coal. An estimated 28 to 43 percent of the groundwater removed would 
infiltrate the surface and recharge the shallow aquifers above the coal. 

Alternative 2B 
The cumulative impacts on groundwater resources would be similar to those de-
scribed under Alternative 1, except as noted below. 

Projected development of CBM and development of CBM existing or authorized 
before this analysis also were incorporated within the groundwater model. Pro-
jected water production, shown in Table 2–8 and already discussed in this chap-
ter, represented total water production for existing and authorized CBM wells 
and CBM wells projected under Alternative 2B. 

Cumulatively, groundwater would be removed from the coal aquifers underlying 
the Project Area, temporarily reducing or eliminating the hydraulic pressure head 
in the coal. An estimated 21 to 30 percent of the groundwater removed would 
infiltrate the surface and recharge the shallow aquifers above the coals. 
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Alternative 3 
The cumulative impacts on groundwater resources would be similar to but much 
less in magnitude than those described under Alternative 1, except as noted be-
low. 

Alternative 3 assumes that no new federal CBM wells would be completed, ex-
cept in areas of potential drainage. The substantial reduction in projected new 
CBM wells under this alternative would reduce water production in all sub-
watershed. The reductions would be greatest in the Upper Powder River and Up-
per Belle Fourche River sub-watersheds where the highest numbers of new fed-
eral CBM wells would have been drilled. The areal extent of the 25-foot draw-
down contour would tend to decrease in areas where large numbers of federal 
wells were projected to be drilled under Alternative 1. 

Projected development of CBM and development of CBM existing or authorized 
before this analysis also were incorporated within the groundwater model. Pro-
jected water production, shown in Table 2–34 and already discussed in this chap-
ter, represented total water production for existing and authorized CBM wells 
and CBM wells projected under Alternative 3. 

Cumulatively, groundwater would be removed from the coal aquifers underlying 
the Project Area, temporarily reducing or eliminating the hydraulic pressure head 
in the coal. An estimated 15 to 33 percent of the groundwater removed would 
infiltrate the surface and recharge the shallow aquifers above the coals. 

Surface Water 
Potential effects to surface water resources may include: (1) changes in surface 
water quality and suitability to meet designated uses; (2) changes in the quantity 
and distribution of surface flows; (3) erosion and degradation of the drainage 
network; and (4) increased sedimentation. The magnitude of effects to surface 
water resources would depend on a number of factors, including the quantity and 
timing of CBM produced water discharges, the surface water quality at the point 
of downstream diversions, existing and future downstream designated uses, and 
the specific mix of water handling options implemented to prevent CBM dis-
charges from reaching the main stem streams. 

The overall effects of the proposed project on surface water resources would be 
similar among alternatives; however, the magnitude of these effects would vary 
because of the different water handling percentages proposed for each alterna-
tive. 

Surface Water Impact Analysis 
A major beneficial use of surface water in the Project Area is the production of 
irrigated crops. Therefore, the surface water impact analysis focuses on the po-
tential effects to the suitability for irrigation of surface waters in the Project Area 
from proposed discharges of CBM produced water. The effects of CBM pro-
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duced water (quantity and quality) on soils, vegetation, wetland and riparian ar-
eas, and aquatic life are discussed in subsequent sections. 

The key water quality parameters for predicting the potential effects of CBM de-
velopment on irrigated agriculture are sodicity (as measured in the sodium ad-
sorption ratio, SAR) and salinity (as measured by electrical conductivity, EC). In-
stream numerical targets for these parameters, therefore, would facilitate model-
ing and interpretation of impacts under the various alternatives. Ideally, those 
numerical targets would be in the form of numerical water quality standards, in 
other words, values with regulatory authority. At this time, with the exception of 
waters that flow from Wyoming into South Dakota, there are no regulatory water 
quality standards for these parameters applicable to the water bodies addressed in 
this analysis, or for water bodies downstream in Montana that are likely to re-
ceive flows of CBM produced water from Wyoming. 

Therefore, because of the importance of this issue, the regulatory agencies with 
jurisdiction for the potentially affected water bodies have begun the process of 
quantifying the SAR and EC values they believe will be needed to ensure protec-
tion of irrigated agriculture in and downstream of the Project Area. In May 2002, 
for example, the Northern Cheyenne Tribe adopted numerical water quality stan-
dards for SAR and EC that apply to waters within the reservation, which include 
flows in the Tongue River from Wyoming. Although these tribal standards will 
not attain Clean Water Act regulatory status until the EPA approves them, the 
adopted numerical standards clearly set out the Tribe’s determination of the wa-
ter quality needed to protect irrigated agriculture on the Reservation. 

Wyoming’s current permitting process incorporates the numeric water quality 
standards for EC and SAR adopted for water bodies downstream in South Da-
kota, specifically drainages in the Upper Cheyenne and Upper Belle Fourche 
River sub-watersheds. Wyoming and Montana have entered an interim MOC for 
waters downstream in Montana to protect the downstream water quality in the 
Powder and Little Powder River sub-watersheds while allowing for development 
of CBM in both states. This MOC is presented in Appendix B. Interim thresholds 
are established for EC in the Powder River at the state line, based on monitoring 
data collected at the gauging station in Moorhead, Montana. The criteria for EC 
are expressed in monthly maximum values that are not to be exceeded. The two 
states are also concerned with SAR and bicarbonate, but lack sufficient data to 
establish threshold criteria. Under the MOC, monitoring of the Little Powder 
River will include EC, SAR, and TDS to evaluate whether levels of these con-
stituents change appreciably from historical records. The State of Wyoming 
would be required to undertake a cause investigation in the event that significant 
changes in baseline conditions are detected to determine if CBM discharge is 
responsible. Wyoming may be required to adjust its regulatory position with the 
permitting process to ensure compliance with the spirit of the agreement. Wyo-
ming, through its NPDES permitting process, is restricting the amount of CBM 
discharge water that reaches the main stems to meet the short-term goal of the 
MOC. Discharges are limited through such mechanisms as pond storage, channel 
loss, and other consumptive uses. Furthermore, as a matter of policy, WDEQ has 
elected to impose its antidegradation policy on all CBM discharges. This policy 
results in effluent limitations in NPDES permits for discharges of CBM produced 
water that equate to 20 percent of the available increment between low-flow pol-
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lutant concentrations and the relevant standards (assimilative capacity) for criti-
cal constituents. A separate antidegradation policy for barium, in which the as-
similative capacity is basin-specific, is also applied to CBM discharges. Montana 
has accepted Wyoming’s antidegradation policies to be protective of Montana’s 
water quality. 

Montana has initiated a process for developing and adopting water quality stan-
dards for SAR and EC as well, with the goal of having a final decision by the 
Montana Board of Environmental Review by December of 2002. Within the 
Montana process, MDEQ has proposed two approaches: one would assign a sin-
gle set of SAR and EC values to each of the potentially affected water bodies 
(option 1) and the second would assign a series of values that would be applica-
ble to the mainstem of the Tongue River (option 2). MDEQ lists a range of val-
ues to be considered by the Board for each approach. In addition, a coalition of 
environmental and irrigation interest groups, collectively known as the “Petition-
ers,” has proposed a set of numerical SAR and EC standards. The Petitioners in-
clude: the Tongue River Water Users Association; the Tongue and Yellowstone 
Irrigation District; the Buffalo Rapids Irrigation Project; and the Northern Plains 
Resource Council. The Petitioners’ proposal takes an approach similar to 
MDEQ’s option 2. Finally, some time ago, South Dakota’s Department of Envi-
ronment and Natural Resources (SDDENR) adopted numerical SAR and EC 
standards that are applicable statewide. 

There are, then, five sets of numerical standards for SAR and EC now under con-
sideration or applicable to the water bodies that are addressed in this analysis: the 
Northern Cheyenne Tribe’s adopted water quality standards; Montana’s option 1; 
Montana’s option 2; the Petitioners’ proposal; and South Dakota’s adopted 
statewide water quality standards. Together, these five sets of values present a 
wide range of numerical values, and Table 4–2 displays the full range. It includes 
both the least and most restrictive proposed upper limits, where applicable, for 
SAR and EC. Because the water quality standards development process is still 
under way for key water bodies addressed in this analysis, however, it would be 
inappropriate for the lead or cooperating agencies to select specific numerical 
values within the range and to apply only those selected values in evaluating po-
tential impact scenarios. Instead, this document uses the full range of potential 
SAR and EC values as the boundaries to display outputs from surface water 
modeling. 

The information displayed should be applied with the three following considera-
tions: First, it should not be assumed that any SAR or EC value within the range 
displayed will be deemed an appropriate level of protection for the existing or 
anticipated irrigated agricultural uses in these basins. Second, the water quality 
standards process involves adoption by a state or tribe followed by EPA review 
and approval, and state- or tribally adopted limits will not have Clean Water Act 
regulatory status until approved by EPA. Third, the water quality standards proc-
ess is still under way and it is not possible to predict the outcome of the process. 

Nevertheless, while the eventual outcome of this water quality standards process 
is uncertain at present, it may be useful to note the specific SAR and EC values 
adopted by the Northern Cheyenne Tribe and the SDDENR, and those proposed 
by the MDEQ and the Petitioners and to include those values within specific im-
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pact scenarios evaluated. These SAR and EC values were developed with assis-
tance from advisors with expertise in the effects of salinity and sodicity on irri-
gated agriculture. Therefore, it would not be unreasonable to view these values as 
providing a fair estimate of the range of SAR and EC values that may eventually 
be judged as providing an appropriate level of protection for irrigated agriculture 
in the sub-watersheds addressed in this analysis. The specific EC and SAR values 
proposed or adopted for these sub-watersheds are presented in Appendix H, al-
lowing for application of specific, proposed, or adopted numerical standards in 
the evaluation of various impact scenarios. 

Another factor to be considered in applying the information displayed is the sig-
nificant distinction between the approach to surface water modeling applied to 
alternatives analyzed in this EIS and the approach that eventually will be used in 
calculating discharge limits for future, specific CBM development projects. The 
modeling approach used in this document begins with an assumed water man-
agement method for the proposed development under each alternative and, apply-
ing a series of assumptions (see discussion below), predicts a resultant in-stream 
water quality. That predicted water quality modeling output is then displayed 
against the full range of potential SAR and EC limits for each sub-watershed, 
with no assessment as to the appropriateness of any specific value within the 
range. The water quality-based approach that will be used to calculate future 
NPDES permitting requirements, instead, will begin with appropriate and spe-
cific in-stream water quality targets, such as approved water quality standards. 
Then, through the TMDL process, the standards will be translated into discharge 
limits for specific CBM development projects. 

The standards will serve as the regulatory basis for controlling CBM discharges. 
The water quality-based permitting approach that will implement those standards 
is, therefore, different from the predictive modeling approach used in this analy-
sis. That is, the water quality-based approach will begin with a desired in-stream 
water quality and, using that as the target, will calculate the CBM discharge lim-
its needed to ensure the desired in-stream water quality. Finally, where the 
TMDL process identifies assimilative capacity for a water body, the capacity will 
be allocated through the TMDL among the appropriate governmental entities 
along the water body. Where a tribe is one of the appropriate governmental enti-
ties, EPA has a trust responsibility to ensure that a fair and meaningful portion of 
the available assimilative capacity is reserved for the tribe. 

Table 4–2 summarizes the highest and lowest standards proposed for or applica-
ble to the sub-watersheds addressed in this analysis. Construction of this table 
considered the full range of values proposed in the Montanta standards process 
now underway, the adopted Northern Cheyenne standards, South Dakota’s stan-
dards, and the limits applied by the WDEQ to waters that flow downstream into 
South Dakota. The proposed limits apply to individual sub-watersheds and have 
been suggested for seasons of the year. For example, different limits have been 
proposed for the irrigation season. However, because a single irrigation season 
has not been agreed upon, the limits have been lumped together. South Dakota 
applies water quality standards for EC and SAR year-round. The limits shown in 
Table 4–2 were incorporated into the discussion of impacts that follows. Because 
CBM discharges to the Upper Powder River, Clear Creek, Crazy Woman Creek, 
and Salt Creek sub-watersheds have the potential to flow into the Middle Powder 
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River sub-watershed in Montana, Montana’s proposed limits for the Powder 
River have also been applied to these sub-watersheds. WDEQ applies limits in 
the Upper Cheyenne (also applicable to Antelope Creek) and the Upper Belle 
Fourche sub-watersheds in authorizing discharge permits for CBM produced wa-
ters to protect the most sensitive crop (such as alfalfa) that may be grown down-
stream (Beach 2002). 

Table 4–2 Summary of Proposed Limits for Surface Water Impact 
Analysis 

Most Restrictive Proposed 
Limit (MRPL) 

Least Restrictive 
Proposed Limit (LRPL) 

Sub-Watershed SAR EC SAR EC 

Tongue 0.5 500 10 2,500 

Little Powder 3.0 1,000 10 3,000 

Powder 2.0 1,000 10 3,200 

Belle Fourche 101 2,0001 102 2,5002 

Cheyenne 101 2,0001 102 2,5002 

Notes: 
1. WDEQ limit applied to waters that flow downstream into South Dakota. 
2. South Dakota’s existing water quality standard. 

 

Modeling Approach 
The spreadsheet model used in the surface water impact analysis employs a 
steady-state mass-balance approach to estimate EC concentrations and SAR val-
ues after stream flows and CBM produced water discharges have mixed. This 
steady-state approach is commonly used by the regulatory agencies in predicting 
possible effects of point source discharges on receiving waters. Input parameters 
for the model were developed from analysis of existing data on stream flow and 
water quality, existing CBM production, and representative coal water quality 
data that incorporate reasonably conservative assumptions. The input parameters 
are described briefly below, and in greater detail in the Surface Water Quality 
Analysis Technical Report (SWQATR), which was prepared in support of this 
document. The spreadsheet model provided a conservative, yet reasonable, esti-
mate of the impacts of the proposed development of CBM on surface water qual-
ity in and downstream of the Project Area. 

Model Input Parameters 

Stream Flow 
Representative flow rates for streams in the Project Area were obtained from 
analysis of the historical record at USGS stream gauging stations (Kuhn 2002). 
Base-flow conditions in the streams are represented by the low of the mean 
monthly flows and were used in the impact analysis for predicting water quality 
effects under worst-case conditions. This information is presented in Table 3–8. 
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Stream Water Quality 
Representative EC and SAR values for streams in the Project Area were obtained 
from analysis of the historical record at USGS stream monitoring stations (Meyer 
2002b). This information is presented in Table 3–11. EC and SAR values that 
correspond to mean monthly flow conditions were used in the surface water im-
pact analysis. 

CBM Discharge Rate 
BLM analyzed water production data from existing wells that were downloaded 
from the WOGCC web page to project total water production on an annual and 
an over the life of the project basis by sub-watershed (BLM 2002). For the Upper 
Belle Fourche, Antelope Creek, and the Upper Cheyenne River sub-watersheds, 
the number of wells and corresponding flow rate per well in the peak year of wa-
ter production were used as input parameters in the surface water impact analy-
sis. The average peak discharge rate in these sub-watersheds is 7.0, 11.9, and 9.6 
gpm per well, respectively. A value of 6.2 gpm per well, which represents a ba-
sin-wide (Wyoming and Montana) average production rate during the peak year 
of water production, was used in the Powder River, Little Powder River, and Up-
per Tongue River sub-watersheds. 

CBM Water Quality 
BLM has summarized and modeled EC and SAR values for CBM produced wa-
ter by sub-watershed (BLM 2002). This information is shown in Figure 3–1. 
Mean values for EC and SAR were used in the surface water impact analysis. 
The EC and SAR values used in the impact analysis in the Upper Cheyenne 
River sub-watershed represent a flow-weighted average of the combined dis-
charges from the Antelope Creek and Upper Cheyenne River sub-watersheds. 
The EC and SAR values used in the impact analysis in the Middle Powder River 
sub-watershed represent a flow-weighted average of the combined discharges 
from the Salt Creek, Clear Creek, Crazy Woman Creek, Upper Powder River, 
and Middle Powder River sub-watersheds. 

Model Assumptions 
The following assumptions form the framework for evaluating the impacts in this 
analysis: 

 Discharge of CBM produced water to surface drainages was assumed to 
result in a conveyance loss of 20 percent. This value is considerably lower 
than the values derived from studies of surface water losses in creek flows 
within several drainages of the PRB (Meyer 2000b, AHA 2001b). These 
previous studies were limited geographically to specific areas of the PRB 
and did not account for certain times of year (especially winter) when 
evaporation and evapotranspiration losses would be reduced. Therefore, the 
value used in this model for conveyance loss was decreased between the 
DEIS and FEIS to account for these conditions. The remaining 80 percent of 
the CBM produced water discharged to surface drainages was assumed to 
reach the main stem in each sub-watershed. 

 Where produced water is discharged to infiltration impoundments designed 
to allow infiltration, 15 percent of the water would resurface and contribute 
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to in-channel flow; the remainder would infiltrate into the shallow aquifer 
system. 

 CBM produced water that is actively treated was assumed to be 100 percent 
consumptively used because of its higher quality. 

 Water produced from CBM wells and managed through containment, LAD, 
and injection would not have direct effects on quantity and quality of sur-
face water because, by definition (see Chapter 2), none of the discharged 
water under these options would reach drainages in the sub-watersheds. In-
direct effects from implementation of these water handling options, such as 
potential effects to waterfowl from evaporative concentration of CBM dis-
charged waters in containment impoundments and potential effects on soils 
and vegetation from LAD, are discussed in subsequent sections.  

 The percentage of CBM water production handled by active treatment, con-
tainment, LAD, and injection, and the proportion of water lost to the shal-
low aquifer system from infiltration impoundments is summarized collec-
tively as Managed Water Loss. 

 It was assumed that the sodium and salinity content of water produced from 
CBM wells are the target constituents that control the usefulness of the wa-
ter for irrigation of crops. Irrigation is the primary beneficial use for the ma-
jority of water resources in the sub-watersheds expected to have the greatest 
potential for CBM development, especially with respect to the Montana por-
tion of the PRB. Sodium causes osmotic stress to plants and destroys the 
texture of clayey soils; these combined effects make sodium content, and 
especially SAR, a point of emphasis when evaluating impacts to water re-
sources from CBM water. The salinity of irrigation water, as expressed by 
EC, affects crop productivity. 

 EC and SAR values for resulting mixtures of existing stream water and 
CBM discharge water under various flow conditions are compared with the 
MRPL and LRPL listed in Table 4–2. A comparison was also made between 
the existing and resultant water quality using the Ayers and Westcot (1985) 
irrigation suitability diagram, which compares water quality before and after 
mixing in terms of suitability for irrigation and especially for impacts on 
soils irrigated with the water. Elevated values of SAR may reduce the per-
meability of soil, thereby reducing the rate of water infiltration. The Ayers-
Westcot diagram was also used to evaluate the proportion of CBM dis-
charge that could reasonably occur under various flow conditions without 
causing potential effects to infiltration. The proportion of CBM discharge 
specified includes managed water losses described under each alternative. 
The irrigation season is defined for this analysis as the period April 1 
through October 31. 

 The impact analysis did not consider changes in water quality that may oc-
cur as the CBM discharge flows overland toward the main stem streams or 
as it infiltrates to shallow groundwater systems and is discharged to surface 
flows. Water quality and flow monitoring results from the tributary monitor-
ing program suggest that CBM discharges tend to pick up salts (EC) from 
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the soils and alluvium as they flow down tributary channels and that SAR 
values decrease (AHA 2001a). Thus, CBM discharges improve between the 
discharge point and the receiving stream with respect to SAR but worsen 
with respect to EC. Therefore, using the water quality of the CBM discharge 
provides a more conservative estimate of the impact on surface water of the 
main stems. 

 The impact analysis did not consider individual constituent (sodium, cal-
cium, and magnesium) values in determining the resultant SAR values. This 
assumption is inherently conservative (Greystone and ALL 2002). 

Comparison of Alternatives 
Surface water flow is expressed in this analysis in cubic feet per second, or cfs. 
The water produced from wells is expressed in gallons per minute, or gpm. One 
cfs is equivalent to 448.83 gpm. Large flows or volumes of water are expressed 
as acre-feet. One acre-foot is equivalent to 43,650 cubic feet, or 325,851 gallons. 

Alternative 1 
Under Alternative 1, CBM produced water flows would be handled through di-
rect discharge to surface drainages, passive treatment before surface discharge, 
discharge to upland and bottomland infiltration impoundments, discharge to con-
tainment impoundments, LAD, and injection (Table 2–9). With surface dis-
charge, CBM produced water flows would be gathered for discharge at outfalls 
authorized in accordance with guidance and requirements of the State of Wyo-
ming (WDEQ and possibly WSEO). Passive treatment would be employed pri-
marily to remove iron, and under Alternative 1, would occur only in the Upper 
Tongue River, Middle Powder River, and Clear Creek sub-watersheds. 

BLM analyzed water production data from existing wells downloaded from the 
WOGCC web page to project total water production on an annual and an over the 
life of the project basis by sub-watershed (BLM 2002). This analysis assumed 
that all of the 12,024 existing wells would produce water before 2002 and that 
water production for the last of the existing wells to be drilled ends after 2007. 
Water production from the last of the 39,367 new wells to be drilled is assumed 
to conclude at the end of 2017. Projected CBM water production under Alterna-
tives 1, 2A, and 2B is shown in Table 2–8. 

Under Alternative 1, the maximum CBM water volume produced annually is ex-
pected to increase from an estimated 109,429 acre-feet per year produced from 
existing CBM wells in 2001 to an estimated 386,336 acre-feet per year in 2006. 
The peak year of water production by sub-watershed varies, and these years were 
modeled in the surface water impact analysis to evaluate effects from CBM pro-
duced water discharges. 

Alternative 2A 
Under Alternative 2A, CBM produced water would be handled by the same 
methods specified in Alternative 1 (Table 2–21). Use of upland and bottomland 
infiltration impoundments would be emphasized. With the exception of a propor-
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tion of direct surface discharge in the Upper Belle Fourche River sub-watershed 
authorized under existing NPDES permits, requirements for passive treatment, 
primarily for iron, would be imposed in all sub-watersheds. There would be no 
surface discharge in the Salt Creek sub-watershed. The volume of water pro-
duced and the peak year of water production would be the same as under Alterna-
tive 1. 

Alternative 2B 
Under Alternative 2B, CBM produced water would be handled by the same 
methods specified in Alternative 1 (Table 2–22). Use of active treatment, such as 
reverse osmosis, or ion exchange systems, to amend the produced water to meet 
water quality standards prior to discharge would be emphasized. Some level of 
active treatment would be implemented in all sub-watersheds except for the Up-
per Belle Fourche River sub-watershed. The level of treatment would depend on 
the constituents of concern and downstream designated uses. With the exception 
of a proportion of direct surface discharge in the Upper Belle Fourche River sub-
watershed authorized under existing NPDES permits, requirements for passive 
treatment, primarily for iron, would be imposed in all sub-watersheds. There 
would be no surface discharge in the Salt Creek sub-watershed. The volume of 
water produced and the peak year of water production would be the same as un-
der Alternative 1. 

Alternative 3 
Under Alternative 3, no new Federal CBM wells would be completed, except for 
potential drainage situations. Water handling options would be the same as under 
Alternative 1. Passive treatment would be employed primarily to remove iron, 
and under Alternative 3, would occur only in the Upper Tongue River and Clear 
Creek sub-watersheds. Projected CBM water production under Alternative 3 is 
shown in Table 2–34. 

Under Alternative 3, the maximum CBM water volume produced annually is ex-
pected to increase from an estimated 109,429 acre-feet per year produced from 
existing CBM wells in 2001 to an estimated 212,919 acre-feet per year in 2005. 
The peak year of water production by sub-watershed varies, and these years were 
modeled in the surface water impact analysis to evaluate effects from discharges 
of CBM produced water. 

Effects from Each Alternative by Sub-Watershed 
Results of the impact analysis under each alternative are presented below by sub-
watershed. A discussion of potential impacts to surface water quantity and qual-
ity follows. The Tongue, Powder, and Little Powder River sub-watersheds are 
discussed in a subsequent section to address the combined effects of CBM devel-
opment in both Wyoming and Montana. 

The projected impacts of CBM development on surface water quality in each 
sub-watershed were derived with the use of four graphs, which are described be-
low. Only those graphs depicting potential impacts at the stateline stations under 
the preferred alternative (Tongue River at Decker, Montana, Middle Powder 
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River at Moorhead, MT, and Little Powder River at Weston, Wyoming) are in-
cluded herein; graphs for all sub-watersheds are depicted in the SWQATR. The 
first graph plots ambient and projected EC for mean monthly and 7Q10 flows. 
The second graph plots ambient and projected SAR for mean monthly and 7Q10 
flows. Both these graphs include lines showing the MRPL and LRPL to facilitate 
evaluation of the impacts. The next two graphs plot ambient and projected water 
quality for both EC and SAR in relation to the Ayers-Westcott EC-SAR thresh-
old that represents “no reduction in the rate of infiltration” as well as to the 
MRPL and LRPL. Water quality that meets the proposed EC and SAR limits as 
well as the Ayers-Westcott threshold should fall to the left of the proposed EC 
limit, below the proposed SAR limit and below and to the right of the diagonal 
line on the graphs. The first of these graphs plots ambient and projected EC and 
SAR for mean monthly and 7Q10 flows. The second plots the projected EC and 
SAR for incremental proportions of CBM discharge. The input parameters used 
in developing the graphs are summarized in Appendicies C and D of the 
SWQATR. 

When considering the potential impacts to surface water resources discussed be-
low for each sub-watershed under the various alternatives, the reader should be 
aware that the mass balance model used in this analysis is a tool for comparison 
of alternatives, and analysis of relative contributions of cumulative impacts.  
However, due to a lack of data regarding chemical transport relationships and 
conveyance loss it may not accurately predict likely impacts on resultant water 
quality (See Appendix E, SWQATR).  Samples collected since the onset of CBM 
production in the Upper Belle Fourche River and Little Powder River sub-
watersheds have not detected changes in ambient stream water quality which 
were predicted by the mass balance model, and actual impacts may be less then 
the mass balance model predicts.  The magnitude of the model results can not be 
verified based upon actual measured water quality data.  Adequate protection of 
existing uses and water quality standards can only be accomplished through di-
rect monitoring of stream water quality to measure the effects of CBM discharge. 

It is also important to note that the Ayers-Westcot diagram incorporates a rela-
tionship between SAR and EC, which recognizes that as salinity increases the 
potential impacts of SAR decrease. This relationship is not unbounded however, 
because of the potential impact of rainfall on sodic soils. Rainfall can cause SAR 
problems in surface soil because of the differential way in which EC and SAR 
respond to a rain event (significant lowering of the EC and little change in the 
SAR). This rain-on-sodic-soil problem is addressed in a number of the standards 
proposals (see Appendix H) through adoption of an absolute maximum SAR (i.e. 
the standard “caps” the Ayers-Westcot EC/SAR relationship). It is important to 
be mindful of an upper bound on the Ayers-Westcot relationship in reviewing the 
conclusions reached in the alternatives analyses in this document. This may help 
explain situations where the MRPL (or perhaps, the LRPL) shows a potential 
effect, where the Ayers-Westcot diagram indicates no reduction in infiltration. 

Upper Belle Fourche Sub-Watershed 
Results of the impact analysis in the Upper Belle Fourche River sub-watershed 
under each alternative are presented in Table 4–3. Potential impacts are discussed 
below. 
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Alternative 1 
Under Alternative 1, the peak year of water production in the Upper Belle 
Fourche River sub-watershed would occur in 2006, when 7,630 wells would be 
producing at an average rate of 7.0 gpm per well. Under modeled conditions, the 
amount of produced water assumed to reach the main stem of the Upper Belle 
Fourche River sub-watershed during the peak year of CBM water production is 
about 49 cfs (35,479 acre-feet/year). Volumes of water production would be less 
in other than the peak year, and modeled impacts would correspond to this reduc-
tion. 

Table 4–3 Surface Water Impact Analysis of the Upper Belle Fourche 
River Sub-Watershed 

MRPL LRPL 

Existing Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Resulting Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Alternative SAR EC SAR EC Flow SAR EC Flow SAR EC 

1 101 2,0001 102 2,5002 51 8.1 1,051 

2A 101 2,0001 102 2,5002 64 8.1 1,034 

2B 101 2,0001 102 2,5002 64 8.1 1,034 

3 101 2,0001 102 2,5002

2.3 6.8 2,755 

37 8.1 1,081 

Notes: 
1. WDEQ limit applied to waters that flow downstream into South Dakota. 
2. South Dakota’s existing water quality standard. 

 

Mean monthly EC values in the Upper Belle Fourche River currently exceed the 
MRPL and LRPL during low-flow conditions. Mean monthly SAR values cur-
rently are less than the MRPL and LRPL under similar flow conditions. After 
mixing, the resultant stream flow under low-flow conditions would consist al-
most entirely of CBM produced water. The resultant EC would decrease, 
whereas the SAR would increase from existing conditions. The existing 7Q10 
flow is calculated as zero, such that the resultant water quality under these flow 
conditions would be represented by the quality of CBM produced water, if dis-
charges were to occur during critical low-flow periods. 

Under modeled conditions, the resultant water quality in the Upper Belle Fourche 
River sub-watershed at Moorcroft, Wyoming, during all months of the year and 
during 7Q10 flow conditions would be adequate to meet the MRPL for both EC 
and SAR that the WDEQ has adopted in its NPDES permitting process to be pro-
tective of downstream irrigation. A comparison of the resultant mixed water 
quality with the Ayers-Westcot diagram indicates that infiltration would be re-
duced during some months of the irrigation season (April, and July through Oc-
tober) as well as during 7Q10 flow conditions. During the low monthly flow, 
only a small fraction (10 percent) of the CBM discharge could occur without 
causing potential effects to infiltration. Irrigators currently tend to use water from 
the Belle Fourche River during high flow events. During low flow and 7Q10 
flow conditions, water from the Belle Fourche River is not likely to be diverted 
for irrigation purposes. During average flow conditions, essentially 100 percent 
of the CBM discharge could occur without causing potential effects to irrigation. 



Chapter 4 — Environmental Consequences 

PRB O & G FEIS 4–80  

Based on modeled results, under certain flow conditions, impacts to the suitabil-
ity for irrigation of the Upper Belle Fourche River from CBM development may 
occur. However, as noted previously, samples collected since the onset of CBM 
production in the Upper Belle Fourche River sub-watershed have not detected 
changes in ambient stream water quality which were predicted by the mass bal-
ance model, and actual impacts may be less then the mass balance model pre-
dicts. The magnitude of the model results can not be verified based upon actual 
measured water quality data. Adequate protection of existing uses and water 
quality standards can only be accomplished through direct monitoring of stream 
water quality to measure the effects of CBM discharge. In addition, discharge 
permits issued by the WDEQ would be the mechanism that would identify the 
appropriate mix of water handling methods to be employed to meet the standards. 
Producers also may decide to limit development in the Upper Belle Fourche 
River sub-watershed to meet permit requirements rather that utilizing other water 
management practices (infiltration, treatment, LAD). As a result, even though the 
model predicts impacts, ultimately those predicted impacts to the irrigation suit-
ability of the Upper Belle Fourche River from CBM development in Wyoming 
under Alternative 1 may not occur. 

Alternative 2A 
Under Alternative 2A, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be less than under Alternative 1, primarily because of the increase 
in surface discharge and reduced use of infiltration and containment impound-
ments for water handling. Under modeled conditions, the amount of produced 
water assumed to reach the main stem of the Upper Belle Fourche River sub-
watershed during the peak year of CBM water production is about 61 cfs (44,168 
acre-feet/year). Under Alternative 2A, impacts to surface water quality in the 
Upper Belle Fourche River sub-watershed at Moorcroft, Wyoming, would be 
similar to the results obtained under Alternative 1. 

Alternative 2B 
As shown in Tables 2–21 and 2–22, there is no difference between Alternatives 
2A and 2B that would affect the modeled output in the Upper Belle Fourche 
River sub-watershed. Thus, potential impacts described above for Alternative 2A 
would be the same under Alternative 2B. 

Alternative 3 
Under Alternative 3, the peak year of water production in the Upper Belle 
Fourche River sub-watershed would occur in 2005, when 6,160 wells would be 
producing at an average rate of 6.2 gpm per well. Managed water losses would be 
the same as under Alternative 1. Under modeled conditions, the amount of pro-
duced water assumed to reach the main stem of the Upper Belle Fourche River 
sub-watershed during the peak year of CBM water production is about 35 cfs 
(25,342 acre-feet/year). Impacts to surface water quality in the Upper Belle 
Fourche River sub-watershed would be similar to those described under Alterna-
tive 1. 
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Antelope Creek Sub-Watershed 
Results of the impact analysis in the Antelope Creek sub-watershed under each 
alternative are presented in Table 4–4. Potential impacts are discussed below. 

Table 4–4 Surface Water Impact Analysis of the Antelope Creek Sub-
Watershed 

MRPL LRPL 

Existing Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Resulting Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Alternative SAR EC SAR EC Flow SAR EC Flow SAR EC 

1 101 2,0001 102 2,5002 12 7.0 924 

2A 101 2,0001 102 2,5002 13 7.0 923 

2B 101 2,0001 102 2,5002 13 7.0 923 

3 101 2,0001 102 2,5002

0.2 2.6 2,354 

7 7.0 937 

Notes: 
1. WDEQ limit applied to waters that flow downstream into South Dakota. 
2. South Dakota’s existing water quality standard. 

 

Alternative 1 
Under Alternative 1, the annual water production in the Antelope Creek sub-
watershed would peak in 2004, when 925 wells would be producing at an aver-
age rate of 11.9 gpm per well. Under modeled conditions, the amount of pro-
duced water assumed to reach the main stem of the Antelope Creek sub-
watershed during the peak year of CBM water production is about 12 cfs (8,689 
acre-feet/year). The volume of water production would be less in other than the 
peak year, and modeled impacts would correspond to this reduction. 

Mean monthly EC values in Antelope Creek currently exceed the MRPL, but are 
less than the LRPL during low-flow conditions. Mean monthly SAR values cur-
rently are less than the MRPL and LRPL under similar flow conditions. After 
mixing, the resultant stream flow under low-flow conditions would consist al-
most entirely of CBM produced water. The resultant EC would decrease, 
whereas the SAR would increase from existing conditions. The existing 7Q10 
flow could not be computed because of a lack of data; therefore, the resultant 
water quality under these flow conditions is assumed to be represented by the 
quality of CBM produced water, if discharges were to occur during critical low-
flow periods. 

Under modeled conditions, the resultant water quality in the Antelope Creek sub-
watershed near Teckla, Wyoming, during all months of the year and during 7Q10 
flow conditions would be adequate to meet the MRPL for both EC and SAR that 
WDEQ has adopted in its NPDES permitting process to be protective of down-
stream irrigation. A comparison of the resultant mixed water quality with the 
Ayers-Westcot diagram indicates some effects to infiltration, primarily during the 
lowest flow months of September through February and during 7Q10 flow condi-
tions. During the low monthly flow, only a small fraction (less than 10 percent) 
of the CBM discharge could occur without causing potential effects to infiltra-
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tion. Irrigators currently tend to use water from the Antelope Creek during high 
flow events. During low flow and 7Q10 flow conditions, water from the Ante-
lope Creek is not likely to be diverted for irrigation purposes. During average 
flow conditions, essentially 100 percent of the CBM discharge could occur with-
out causing potential effects to irrigation. 

Based on modeled results, under certain flow conditions, impacts to the suitabil-
ity for irrigation of Antelope Creek from CBM development may occur. How-
ever, as noted previously, samples collected since the onset of CBM production 
in the Upper Belle Fourche River and Little Powder River sub-watersheds have 
not detected changes in ambient stream water quality which were predicted by 
the mass balance model, and actual impacts may be less then the mass balance 
model predicts. The magnitude of the model results can not be verified based 
upon actual measured water quality data. Adequate protection of existing uses 
and water quality standards can only be accomplished through direct monitoring 
of stream water quality to measure the effects of CBM discharge. In addition, 
discharge permits issued by the WDEQ would be the mechanism that would 
identify the appropriate mix of water handling methods to be employed to meet 
the standards. Producers also may decide to limit development in the Upper Belle 
Fourche River sub-watershed to meet permit requirements rather than utilizing 
other water management practices (infiltration, treatment, LAD). As a result, 
even though the model predicts impacts, ultimately those predicted impacts to the 
irrigation suitability of Antelope Creek from CBM development in Wyoming 
under Alternative 1 may not occur. 

Alternative 2A 
Under Alternative 2A, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be less than under Alternative 1, primarily because of the increase 
in surface discharge and reduced use of infiltration and containment impound-
ments. Under modeled conditions, the amount of produced water assumed to 
reach the main stem of the Antelope Creek sub-watershed during the peak year of 
CBM water production is about 13 cfs (9,413 acre-feet/year). Under Alternative 
2A, impacts to surface water quality in the Antelope Creek sub-watershed would 
be similar to the results obtained under Alternative 1. 

Alternative 2B 
Under Alternative 2B, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be greater than under Alternative 1, primarily caused by the imple-
mentation of active treatment. Under modeled conditions, the amount of pro-
duced water assumed to reach the main stem of the Antelope Creek sub-
watershed during the peak year of CBM water production is about 12 cfs (8,689 
acre-feet/year). Impacts to surface water quality in the Antelope Creek sub-
watershed would be similar to those described for Alternative 1. Additional water 
would be available to support beneficial use because of the proportion of water 
that would undergo active treatment.  
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Alternative 3 
Under Alternative 3, the peak year of water production in the Antelope Creek 
sub-watershed would occur in 2005, when 561 wells would be producing at an 
average rate of 11.9 gpm per well. Managed water losses would be the same as 
under Alternative 1. Under modeled conditions, the amount of produced water 
assumed to reach the main stem of the Antelope Creek sub-watershed during the 
peak year of CBM water production is about 7 cfs (5,068 acre-feet/year). Impacts 
to surface water quality in the Antelope Creek sub-watershed would be similar to 
those described under Alternative 1. 

Upper Cheyenne River Sub-Watershed 
The surface water impact analysis of the Upper Cheyenne River sub-watershed 
incorporates the CBM produced water discharges from the Antelope Creek sub-
watershed under each of the alternatives to predict water quality conditions at the 
USGS gauging station on the Cheyenne River at Riverview, Wyoming. 

Results of the impact analysis in the Upper Cheyenne River sub-watershed under 
each alternative are presented in Table 4–5. Potential impacts are discussed be-
low. 

Table 4–5 Surface Water Impact Analysis of the Upper Cheyenne River 
Sub-Watershed 

MRPL LRPL 

Existing Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Resulting Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Alternative SAR EC SAR EC Flow SAR EC Flow SAR EC 

1 101 2,0001 102 2,5002 18 6.9 881 

2A 101 2,0001 102 2,5002 19 6.9 876 

2B 101 2,0001 102 2,5002 19 6.9 877 

3 101 2,0001 102 2,5002

0.4 8.7 4,127 

12 6.9 896 

Notes: 
1. WDEQ limit applied to waters that flow downstream into South Dakota. 
2. South Dakota’s existing water quality standard. 

Alternative 1 
Under Alternative 1, the peak year of water production in the Upper Cheyenne 
River sub-watershed would occur in 2003, when 1,471 wells would be producing 
at an average rate of 11.2 gpm per well. Under modeled conditions, the amount 
of produced water assumed to reach the main stem of the Upper Cheyenne River 
sub-watershed during the peak year of CBM water production is about 18 cfs 
(13,033 acre-feet/year). The volume of water production would be less in other 
than the peak year, and modeled impacts would correspond to this reduction. 

Mean monthly EC values in the Upper Cheyenne River currently exceed the 
MRPL and LRPL during low-flow conditions. Mean monthly SAR values cur-
rently are less than the MRPL and LRPL under similar flow conditions. After 
mixing, the resultant stream flow under low-flow conditions would consist al-
most entirely of CBM produced water. Water quality in the stream would im-
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prove with the addition of CBM produced water. The resultant EC and SAR 
would decrease from existing conditions. The existing 7Q10 flow could not be 
computed because of a lack of data; however, the 7Q10 flow calculated at the 
USGS station on the Cheyenne River at Edgemont, South Dakota, is zero. There-
fore, it is assumed that the resultant water quality under these flow conditions at 
the Riverview, Wyoming station would be represented by the CBM produced 
water quality, if discharges were to occur during critical low-flow periods. 

Under modeled conditions, with the exception of during the highest flow months 
of September through December and during 7Q10 flow conditions, the resultant 
water quality in the Upper Cheyenne River sub-watershed near Riverview, 
Wyoming would be adequate to meet the MRPL for EC that the WDEQ has 
adopted in its NPDES permitting process to be protective of downstream irriga-
tion. The resultant SAR would be adequate to meet the MRPL during all months. 
A comparison of the resultant mixed water quality with the Ayers-Westcot dia-
gram indicates some effects to infiltration during the irrigation season, primarily 
during low flow in April and during 7Q10 flow conditions. During the low 
monthly flow, only a small fraction (10 percent) of the CBM discharge could 
occur without causing potential effects to infiltration. During average flow condi-
tions when diversions for irrigation are likely to occur, essentially 100 percent of 
the CBM discharge could occur without causing effects to irrigation. 

Based on modeled results, under certain flow conditions, impacts to the suitabil-
ity for irrigation of the Upper Cheyenne River from CBM development may oc-
cur. However, as noted previously, samples collected since the onset of CBM 
production in the Upper Belle Fourche River and Little Powder River sub-
watersheds have not detected changes in ambient stream water quality which 
were predicted by the mass balance model, and actual impacts may be less then 
the mass balance model predicts. The magnitude of the model results can not be 
verified based upon actual measured water quality data. Adequate protection of 
existing uses and water quality standards can only be accomplished through di-
rect monitoring of stream water quality to measure the effects of CBM discharge. 
In addition, discharge permits issued by the WDEQ would be the mechanism that 
would identify the appropriate mix of water handling methods to be employed to 
meet the standards. Producers also may decide to limit development in the Upper 
Cheyenne River sub-watershed to meet permit requirements rather than utilizing 
other water management practices (infiltration, treatment, LAD). As a result, 
even though the model predicts impacts, ultimately those predicted impacts to the 
irrigation suitability of the Upper Cheyenne River from CBM development in 
Wyoming under Alternative 1 may not occur. 

Alternative 2A 
Under Alternative 2A, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be less than under Alternative 1, primarily because of the increase 
in surface discharge and reduced use of infiltration and containment impound-
ments. Under modeled conditions, the amount of produced water assumed to 
reach the main stem of the Upper Cheyenne River sub-watershed during the peak 
year of CBM water production is about 19 cfs (13,757 acre-feet/year). Under Al-
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ternative 2A, impacts to surface water quality would be similar to the results ob-
tained under Alternative 1.  

Alternative 2B 
Under Alternative 2B, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be greater than under Alternative 1, primarily because of the in-
crease in surface discharge and reduced use of infiltration and containment im-
poundments. Under modeled conditions, the amount of produced water assumed 
to reach the main stem of the Upper Cheyenne River sub-watershed during the 
peak year of CBM water production is about 18 cfs (13,033 acre-feet/year). Im-
pacts to surface water quality would be similar to those described for Alternative 
1. Additional water would be available to support beneficial use based on the 
proportion of water that would undergo active treatment.  

Alternative 3 
Under Alternative 3, the peak year of water production in the Upper Cheyenne 
River sub-watershed would occur in 2003, when 1,030 wells would be producing 
at an average rate of 11.0 gpm per well. Managed water losses would be the same 
as under Alternative 1. Under modeled conditions, the amount of produced water 
assumed to reach the main stem of the Upper Cheyenne River sub-watershed dur-
ing the peak year of CBM water production is about 12 cfs (8,689 acre-feet/year). 
A comparison of the resultant quality of mixed water with the Ayers-Westcot line 
indicates no effects to infiltration except during 7Q10 flow conditions. Under 
Alternative 3, the resultant EC would not be adequate to meet the LRPL during 
several months of the irrigation season as well as during 7Q10 flow conditions.  

Upper Powder River Sub-Watershed 
Results of the impact analysis in the Upper Powder River sub-watershed under 
each alternative are presented in Table 4–6. Potential effects are discussed below. 

Table 4–6 Surface Water Impact Analysis of the Upper Powder River 
Sub-Watershed 

MRPL LRPL 

Existing Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Resulting Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Alternative SAR EC SAR EC Flow SAR EC Flow SAR EC 

1 2.0 1,000 10 3,200 211 15.3 2,606 

2A 2.0 1,000 10 3,200 144 13.4 2,812 

2B 2.0 1,000 10 3,200 138 13.1 2,837 

3 2.0 1,000 10 3,200

75 7.8 3,400 

121 12.2 2,934 

Alternative 1 
Under Alternative 1, the peak year of water production in the Upper Powder 
River sub-watershed would occur in 2006, when 15,822 wells would be produc-
ing at an average rate of 6.2 gpm per well. Under modeled conditions, the 
amount of produced water assumed to reach the main stem of the Upper Powder 
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River sub-watershed during the peak year of CBM water production is about 135 
cfs (97,749 acre-feet/year). The volume of water production would be less in 
other than the peak year, and modeled impacts would correspond to this reduc-
tion. 

Mean monthly EC values in the Upper Powder River currently exceed the MRPL 
and LRPL under low-flow conditions. Mean monthly SAR values currently ex-
ceed the MRPL, but are less than the LRPL under similar flow conditions. The 
resultant stream flow under low-flow conditions would nearly triple from natural 
stream flow. The resultant EC would decrease, whereas the SAR would increase 
from existing conditions. The existing 7Q10 flow is calculated as zero; therefore, 
it is assumed that the resultant water quality under these flow conditions would 
be represented by the quality of CBM produced water if discharges were to occur 
during critical low-flow periods. 

Under modeled conditions, the resultant water quality in the Upper Powder River 
sub-watershed at Arvada, Wyoming, would not be adequate to meet the MRPL 
for EC at any time. It would be adequate to meet the LRPL for EC during all 
months, as well as during 7Q10 flow conditions, if it should be determined that 
the MRPL and LRPL criteria are protective of downstream irrigation. The resul-
tant SAR would not be adequate to meet the MRPL at any time and would not be 
adequate to meet the LRPL during the irrigation months of July through October 
or during 7Q10 flow conditions. A comparison of the resultant quality of mixed 
water with the Ayers-Westcot diagram indicates no effects to infiltration during 
the irrigation months or during 7Q10 flow conditions. During the low monthly 
flow, essentially all of the CBM discharge could occur without causing potential 
effects to infiltration. As stated previously, it is important to be mindful of an 
upper bound on the Ayers-Westcot relationship in reviewing the conclusions 
reached under this alternative. This may help explain the situation where the 
MRPL (or perhaps, the LRPL) shows a potential effect, where the Ayers-Westcot 
diagram indicates no reduction in infiltration. 

Based on modeled results, under certain flow conditions, impacts to irrigated ag-
riculture in the Upper Powder River sub-watershed from CBM development in 
Wyoming under Alternative 1 may occur. Although the resultant impacts fall 
outside the boundaries of the LRPL during some months, BLM recognizes the 
uncertainty concerning the determination of water quality standards for EC and 
SAR. If a standard at the low end of the range of proposed values is selected, ad-
ditional mitigation may be necessary for CBM discharges to this sub-watershed 
to occur. Potential mitigation measures that could be implemented in order to 
meet the ultimate regulatory standards for EC and SAR once those standards 
have been identified include CBM produced water storage during the irrigation 
months and surface discharge during the non-irrigation months. In addition, dis-
charge permits issued by the WDEQ would be the mechanism that would identify 
the appropriate mix of water handling methods to be employed to meet the stan-
dards. Producers also may decide to limit development in the Upper Powder 
River sub-watershed to meet permit requirements rather than utilizing other water 
management practices (infiltration, treatment, LAD). As a result, even though the 
model predicts impacts, ultimately those predicted impacts to the irrigation suit-
ability of the Upper Powder River from CBM development in Wyoming under 
Alternative 1 may not occur. 
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Alternative 2A 
Under Alternative 2A, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be greater than under Alternative 1, primarily because the increase 
in infiltration impoundments and reduced surface discharge. Under modeled con-
ditions, the amount of produced water assumed to reach the main stem of the 
Upper Powder River sub-watershed during the peak year of CBM water produc-
tion is about 68 cfs (49,237 acre-feet/year). The resultant flow and water quality 
would be similar to that described under Alternative 1, but the magnitude of 
change from existing water quality would be less based on the reduced CBM dis-
charges. Under Alternative 2A, impacts to surface water quality would be similar 
to those described under Alternative 1. 

Alternative 2B 
Under Alternative 2B, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be greater than under Alternative 1, primarily because of the in-
crease in infiltration impoundments and implementation of active treatment. Un-
der modeled conditions, the amount of produced water assumed to reach the 
main stem of the Upper Powder River sub-watershed during the peak year of 
CBM water production is about 63 cfs (45,616 acre-feet/year). The resultant flow 
and water quality would be similar to that described under Alternative 1, but the 
magnitude of change from existing water quality would be less based on the re-
duced CBM discharges. Impacts to surface water quality would be similar to 
those described for Alternative 1. Additional water would be available to support 
beneficial use because of the proportion of water that would undergo active 
treatment.  

Alternative 3 
Under Alternative 3, the peak year of water production in the Upper Powder 
River sub-watershed would occur in 2005, when 5,332 wells would be producing 
at an average rate of 6.2 gpm per well. Managed water losses would be the same 
as under Alternative 1. Under modeled conditions, the amount of produced water 
assumed to reach the main stem of the Upper Powder River sub-watershed during 
the peak year of CBM water production is about 45 cfs (32,583 acre-feet/year). 
Impacts to surface water quality would be similar to those described under Alter-
native 1. 

Clear Creek Sub-Watershed 
Results of the impact analysis in the Clear Creek sub-watershed under each alter-
native are presented in Table 4–7. Potential impacts are discussed below. 

Alternative 1 
Under Alternative 1, the peak year of water production in the Clear Creek sub-
watershed would occur in 2006, when 2,257 wells would be producing at an av-
erage rate of 6.2 gpm per well. Under modeled conditions, the amount of pro-
duced water assumed to reach the main stem of the Clear Creek sub-watershed 
during the peak year of CBM water production is about 10 cfs (7,241 acre-feet/ 



Chapter 4 — Environmental Consequences 

PRB O & G FEIS 4–88  

year). The volume of water production would be less in other than the peak year, 
and modeled impacts would correspond to this reduction. 

Table 4–7 Surface Water Impact Analysis of the Clear Creek Sub-
Watershed 

MRPL LRPL 

Existing Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Resulting Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Alternative SAR EC SAR EC Flow SAR EC Flow SAR EC 

1 2.0 1,000 10 3,200 73 5.4 1,522 

2A 2.0 1,000 10 3,200 66 3.1 1,378 

2B 2.0 1,000 10 3,200 65 2.8 1,359 

3 2.0 1,000 10 3,200

62 1.5 1,276 

70 4.5 1,469 

 

Mean monthly EC values in Clear Creek currently exceed the MRPL but are less 
than the LRPL during low-flow conditions. Mean monthly SAR values currently 
are less than the MRPL under similar flow conditions and are less than the LRPL 
during 7Q10 flow conditions. After mixing, the resultant stream flow under low-
flow conditions would increase moderately from the natural level. The resultant 
EC and SAR would increase from existing conditions.  

Under modeled conditions, with the exception of during high flow in June, the 
resultant water quality in the Clear Creek sub-watershed near Arvada, Wyoming, 
would not be adequate to meet the MRPL for both EC and SAR. It would, how-
ever, be adequate to meet the LRPL for both constituents, if it should be deter-
mined that the MRPL and LRPL criteria are protective of downstream irrigation. 
A comparison of the resultant quality of mixed water with the Ayers-Westcot 
diagram indicates no effects to infiltration except during 7Q10 flow conditions. 
During the low monthly flow, essentially all of the CBM discharge could occur 
without causing potential effects to infiltration. As stated previously, it is impor-
tant to be mindful of an upper bound on the Ayers-Westcot relationship in re-
viewing the conclusions reached under this alternative. This may help explain the 
situation where the MRPL (or perhaps, the LRPL) shows a potential effect, 
where the Ayers-Westcot diagram indicates no reduction in infiltration. 

Based on the higher stream water quality and value as a source of irrigation in the 
Clear Creek sub-watershed, current WDEQ policy would not allow any new dis-
charge permits that would result in any decrease in baseline water quality. Be-
cause of WDEQ’s policy, it is expected that water quality in Clear Creek would 
be preserved at near current levels.  

Alternative 2A 
Under Alternative 2A, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be greater than under Alternative 1, primarily because of the in-
crease in infiltration impoundments and reduced surface discharge. Under mod-
eled conditions, the amount of produced water assumed to reach the main stem of 
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the Clear Creek sub-watershed during the peak year of CBM water production is 
about 4 cfs (2,896 acre-feet/year). Under Alternative 2A, the resultant SAR 
would be adequate to meet the MRPL during high flows in April through June 
but not during the remainder of the irrigation season, when natural stream flow 
decreases. Remaining impacts to surface water quality would be similar to the 
results obtained under Alternative 1. 

Alternative 2B 
Under Alternative 2B, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be greater than under Alternative 1, primarily because of the in-
crease in infiltration impoundments and implementation of active treatment, 
along with less surface discharge. Under modeled conditions, the amount of pro-
duced water assumed to reach the main stem of the Clear Creek sub-watershed 
during the peak year of CBM water production is about 3 cfs (2,172 acre-feet/ 
year). Under Alternative 2B, the resultant SAR would be adequate to meet the 
MRPL during high flows in April through June but not during the remainder of 
the irrigation season, when natural stream flow decreases. Remaining impacts to 
surface water quality would be similar to the results obtained under Alternative 1. 
Additional water would be available to support beneficial use based on the pro-
portion of water that would undergo active treatment. 

Alternative 3 
Under Alternative 3, the peak year of water production in the Clear Creek sub-
watershed would occur in 2006, when 1,705 wells would be producing at an av-
erage rate of 6.2 gpm per well. Managed water losses would be the same as under 
Alternative 1. Under modeled conditions, the amount of produced water assumed 
to reach the main stem of the Clear Creek sub-watershed during the peak year of 
CBM water production is about 8 cfs (5,793 acre-feet/year). Impacts to surface 
water quality would be similar to those described under Alternative 1. 

Crazy Woman Creek Sub-Watershed  
Results of the impact analysis in the Crazy Woman Creek sub-watershed under 
each alternative are presented in Table 4–8. Potential impacts are discussed be-
low. 

Table 4–8 Surface Water Impact Analysis of the Crazy Woman Creek 
Sub-Watershed 

MRPL LRPL 

Existing Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Resulting Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Alternative SAR EC SAR EC Flow SAR EC Flow SAR EC 

1 2.0 1,000 10 3,200 28 13.8 2,545 

2A 2.0 1,000 10 3,200 17 6.5 2,159 

2B 2.0 1,000 10 3,200 16 5.6 2,112 

3 2.0 1,000 10 3,200

14 2.3 1,937 

19 8.0 2,240 
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Alternative 1 
Under Alternative 1, the peak year of water production in the Crazy Woman 
Creek sub-watershed would occur in 2006, when 1,853 wells would be producing 
at an average rate of 6.2 gpm per well. Under modeled conditions, the amount of 
produced water assumed to reach the main stem of the Crazy Woman Creek sub-
watershed during the peak year of CBM water production is about 14 cfs (10,137 
acre-feet/year). The volume of water production would be less in other than the 
peak year, and modeled impacts would correspond to this reduction. 

Mean monthly EC values in Crazy Woman Creek currently exceed the MRPL, 
but are less than the LRPL under low-flow conditions. Mean monthly SAR val-
ues currently are about equal to the MRPL under similar flow conditions. After 
mixing, the resultant stream flow under low-flow conditions would nearly double 
from natural stream flow. The resultant EC would decrease, whereas the SAR 
would increase from existing conditions. The existing 7Q10 flow is calculated as 
zero; therefore, it is assumed that the resultant water quality under these flow 
conditions would be represented by the quality of CBM produced water if dis-
charges were to occur during critical low-flow periods. 

Under modeled conditions, the resultant water quality in the Crazy Woman Creek 
sub-watershed near Arvada, Wyoming, during all months and during 7Q10 flow 
conditions would not be adequate to meet the MRPL for EC, but would be ade-
quate to meet the LRPL if it should be determined that the MRPL and LRPL cri-
teria are protective of downstream irrigation. With the exception of during low 
flows in the irrigation months of August and September and during 7Q10 flow 
conditions, the resultant water quality in the Crazy Woman Creek sub-watershed 
near Arvada would be adequate to meet the LRPL for SAR. A comparison of the 
resultant quality of mixed water with the Ayers-Westcot diagram indicates no 
effects to infiltration except during 7Q10 flow conditions. During the low 
monthly flow, essentially all of the CBM discharge could occur without causing 
potential effects to infiltration. As stated previously, it is important to be mindful 
of an upper bound on the Ayers-Westcot relationship in reviewing the conclu-
sions reached under this alternative. This may help explain the situation where 
the MRPL (or perhaps, the LRPL) shows a potential effect, where the Ayers-
Westcot diagram indicates no reduction in infiltration. 

Based on the higher water quality and value as a source of irrigation in the sub-
watershed, current WDEQ policy would not allow any new discharge permits in 
this sub-watershed that would result in any decrease in baseline water quality. 
Because of WDEQ’s policy, it is expected that water quality in Crazy Woman 
Creek would be preserved at near current levels. 

Alternative 2A 
Under Alternative 2A, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be greater than under Alternative 1, primarily because of the in-
crease in infiltration impoundments and reduced surface discharge. Under mod-
eled conditions, the amount of produced water assumed to reach the main stem of 
the Crazy Woman Creek sub-watershed during the peak year of CBM water pro-
duction is about 3 cfs (2,172 acre-feet/year). Under Alternative 2A, the resultant 
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water quality in June would be less than the MRPL for SAR. Remaining impacts 
to surface water quality would be similar to the results obtained under Alternative 
1. 

Alternative 2B 
Under Alternative 2B, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be greater than under Alternative 1, primarily because of the in-
crease in infiltration impoundments and implementation of active treatment, 
along with reduced surface discharge. Under modeled conditions, the amount of 
produced water assumed to reach the main stem of the Crazy Woman Creek sub-
watershed during the peak year of CBM water production is about 2 cfs (1,448 
acre-feet/year). Impacts to surface water quality would be similar to those de-
scribed for Alternative 2A. Additional water would be available to support bene-
ficial use because of the proportion of water that would undergo active treatment. 

Alternative 3 
Under Alternative 3, the peak year of water production in the Crazy Woman 
Creek sub-watershed would occur in 2005, when 606 wells would be producing 
at an average rate of 6.2 gpm per well. Managed water losses would be the same 
as under Alternative 1. Under modeled conditions, the amount of produced water 
assumed to reach the main stem of the Crazy Woman Creek sub-watershed dur-
ing the peak year of CBM water production is about 5 cfs (3,620 acre-feet/year). 
Impacts to surface water quality would be similar to those described under 
Alternative 2A. 

Salt Creek Sub-Watershed 
Results of the impact analysis in the Salt Creek sub-watershed under each alter-
native are presented in Table 4–9. Potential impacts are discussed below. 

Table 4–9 Surface Water Impact Analysis of the Salt Creek Sub-
Watershed 

MRPL LRPL 

Existing Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Resulting Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Alternative SAR EC SAR EC Flow SAR EC Flow SAR EC 

1 2.0 1,000 10 3,200 27 25.9 5,711 

2A 2.0 1,000 10 3,200 27 26.0 5,743 

2B 2.0 1,000 10 3,200 27 26.1 5,750 

3 2.0 1,000 10 3,200

27 26.1 5,750 

27 26.0 5,730 

 

Alternative 1 
Under Alternative 1, the peak year of water production in the Salt Creek sub-
watershed would occur in 2006, when 37 wells would be producing at an average 
rate of 6.2 gpm per well. Under modeled conditions, the amount of produced wa-
ter assumed to reach the main stem of the Salt Creek sub-watershed during the 
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peak year of CBM water production is about 0.2 cfs (145 acre-feet/year). The 
volume of water production would be less in other than the peak year, and mod-
eled impacts would correspond to this reduction. 

The water quality in Salt Creek currently exceeds the MRPL and LRPL for both 
EC and SAR under low-flow conditions. The resultant stream flow under low 
monthly flow conditions would be similar to the natural stream flow. The resul-
tant EC and SAR would decrease slightly from existing conditions. 

Under modeled conditions, the resultant water quality in the Salt Creek sub-
watershed near Sussex, Wyoming, during all months and during 7Q10 flow con-
ditions would not be adequate to meet the MRPL and LRPL for both EC and 
SAR if it should be determined that these criteria are protective of downstream 
irrigation. A comparison of the resultant quality of the mixed water with the 
Ayers-Westcot diagram indicates no effects to infiltration under similar flow 
conditions. As stated previously, it is important to be mindful of an upper bound 
on the Ayers-Westcot relationship in reviewing the conclusions reached under 
this alternative. This may help explain the situation where the MRPL (or perhaps, 
the LRPL) shows a potential effect, where the Ayers-Westcot diagram indicates 
no reduction in infiltration. 

Alternative 2A 
Under Alternative 2A, there would be no surface discharge to the Salt Creek sub-
watershed. Minimal amounts of subsurface flow from infiltration impoundments 
would resurface in stream channels but are not likely to reach the main stem of 
the Salt Creek sub-watershed. Under Alternative 2A, impacts to surface water 
quality would be similar to the results obtained under Alternative 1. 

Alternative 2B 
Under Alternative 2B, there would be no untreated surface discharge to the Salt 
Creek sub-watershed. Minimal amounts of subsurface flow from infiltration im-
poundments would resurface in stream channels but are not likely to reach the 
main stem of the Salt Creek sub-watershed. Under Alternative 2B, impacts to 
surface water quality would be similar to the results obtained under Alternative 1. 
Additional water would be available to support beneficial use because of the pro-
portion of water that would undergo active treatment. 

Alternative 3 
Under Alternative 3, the peak year of water production in the Salt Creek sub-
watershed would occur in 2006, when 19 wells would be producing at an average 
rate of 6.2 gpm per well. Managed water losses would be the same as under Al-
ternative 1. Under modeled conditions, the amount of produced water assumed to 
reach the main stem of the Salt Creek sub-watershed during the peak year of 
CBM water production is about 0.1 cfs (72 acre-feet/year). Impacts to surface 
water quality would be similar to those described under Alternative 1. 

Wyoming/Montana Stateline Surface Water Impact 
Analysis 
This section describes the effects from each alternative by sub-watershed. 
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Upper Tongue River Sub-Watershed 
The surface water impact analysis of the Upper Tongue River sub-watershed in-
corporates current and forecast future development of CBM resources in the 
Montana portion of the Upper Tongue River sub-watershed. This development is 
likely to contribute CBM produced water flows upstream of the USGS gauging 
station on the Tongue River at the state line near Decker, Wyoming.  

This analysis assumed that Montana’s Preferred Alternative E would be selected. 
Montana’s Alternative E emphasizes the beneficial uses of produced water from 
CBM wells. Alternative E could include discharges that involve both treated and 
untreated produced water, so long as Montana Pollutant Discharge Elimination 
System (MPDES) permit requirements are met. This impact analysis includes 
existing discharges of CBM produced water in the Upper Tongue River sub-
watershed from Montana’s CX Ranch field. Montana’s existing permitted dis-
charge incorporated in this modeling effort includes produced water from 120 
wells at a discharge rate of 50 percent of the permitted maximum discharge 
(Langhus 2002). 

Results of the impact analysis in the Upper Tongue River sub-watershed under 
each alternative are presented in Table 4–10. Potential impacts are discussed be-
low. 

Table 4–10 Surface Water Impact Analysis of the Upper Tongue River 
Sub-Watershed 

MRPL LRPL 

Existing Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Resulting Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Alternative SAR EC SAR EC Flow SAR EC Flow SAR EC 

1 0.5 500 10 2,500 189 3.1 826 

2A 0.5 500 10 2,500 183 1.9 776 

2B 0.5 500 10 2,500 183 1.8 770 

3 0.5 500 10 2,500

178 0.9 731 

188 2.9 820 

Alternative 1 
Under Alternative 1, the peak year of water production in the Upper Tongue 
River sub-watershed would occur in 2006, when 1,948 wells would be producing 
at an average rate of 6.2 gpm per well. Under modeled conditions, the amount of 
produced water assumed to reach the main stem of the Upper Tongue River sub-
watershed during the peak year of CBM water production is about 11 cfs (7,965 
acre-feet/year). The volume of water production would be less in other than the 
peak year, and modeled impacts would correspond to this reduction. 

The Tongue River is an important source of irrigation water in and downstream 
of the Project Area. With the exception of the highest flow months of May and 
June, the water quality in the Tongue River currently exceeds the MRPL for EC 
and SAR. Thus, any additional discharge that would reach the main stem would 
likely cause further degradation in terms of suitability for irrigation if the states 
and EPA conclude that the MRPL is protective of irrigation. The water quality in 
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the Tongue River currently is less than the LRPL for both EC and SAR. After 
mixing, the resultant flow under low monthly flow conditions would increase 
slightly. The resultant EC and SAR would increase from existing conditions.  

Under modeled conditions, the resultant water quality in the Upper Tongue River 
sub-watershed would not meet the MRPL for both EC and SAR except during 
high flows in May and June. The resultant water quality would be adequate to 
meet the LRPL for both EC and SAR under mean monthly flow during all 
months of the year and during 7Q10 flow conditions. A comparison of the resul-
tant quality of mixed water with the Ayers-Westcot diagram indicates that some 
reduction in infiltration would be likely during some months of the irrigation sea-
son. However, essentially all of the CBM discharge could occur without causing 
potential effects to infiltration during the low monthly flow.  

Based on modeled results, under certain flow conditions impacts to the suitability 
for irrigation of the Upper Tongue River sub-watershed from CBM development 
in Wyoming and Montana under Alternative 1 would be expected to occur at the 
Decker, Wyoming, station using the MRPL and LRPL criteria, if the states and 
EPA conclude that the proposed limits would be protective of irrigation. How-
ever, surface discharge to the Upper Tongue River sub-watershed from Wyoming 
CBM development would be controlled by WDEQ’s interim “no new discharge” 
policy; thus, WDEQ would not authorize the percentage of untreated surface dis-
charge to the Upper Tongue River sub-watershed under Alternative 1 unless the 
quality of the discharged water was at or near the existing level in the Tongue 
River. Potential impacts from Montana’s existing CBM discharges from the CX 
Ranch field to the Upper Tongue River sub-watershed would be controlled by the 
MPDES permit. Therefore, impacts to water quality would be more likely to re-
sult from CBM produced waters that resurface from infiltration impoundments or 
from migration of salts beneath LAD systems than from surface discharge. Im-
pacts to water quality from CBM development in Wyoming to downstream uses 
on the Northern Cheyenne Reservation would be limited by the state’s discharge 
policy. 

Alternative 2A 
Under Alternative 2A, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be greater than under Alternative 1, primarily because of the in-
crease in infiltration impoundments and reduced surface discharge. Under mod-
eled conditions, the amount of produced water assumed to reach the main stem of 
the Upper Tongue River sub-watershed during the peak year of CBM water pro-
duction is about 5 cfs (3,620 acre-feet/year). Changes in low monthly flows 
would be similar to Alternative 1. The resultant stream water quality under low-
flow conditions would increase the EC and SAR from existing conditions, al-
though less than under Alternative 1. The volume of water production would be 
less in other than the peak year, and modeled impacts would correspond to this 
reduction.  

Figures 4–31 and 4–32 illustrate the months during which the year when the ex-
isting water quality and resultant quality of mixed water under mean monthly 
flow and 7Q10 flow conditions would exceed the MRPL and LRPL considered 
for water quality in the Upper Tongue River sub-watershed. 
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Under Alternative 2A, the resultant EC under mean monthly and 7Q10 flow con-
ditions is greater than the MRPL except during the highest flow months of May 
and June when CBM produced water discharges from both states are mixed. The 
resultant EC is less than the LRPL under similar flow conditions. 

Under Alternative 2A, the resultant SAR under mean monthly and 7Q10 flow 
conditions is greater than the MRPL except during the highest flow months of 
May and June when discharges of CBM produced water from both states are 
mixed. The resultant SAR is less than the LRPL under similar flow conditions. 

Figure 4–33 illustrates the relationship between EC and SAR in the Tongue River 
before and after mixing with discharges of CBM produced water under Wyo-
ming’s Alternative 2A and Montana’s Alternative E. Figure 4–34 compares ex-
isting stream water and quality of mixed water in terms of suitability for irriga-
tion and especially for impacts on soils irrigated. Below and to the right of the 
irrigation threshold line in Figure 4–33, water quality would be expected to cause 
“no reduction in the rate of infiltration” because soils would be dispersed by SAR 
(Ayers and Westcot 1985). To the left and above the line, water would be likely 
to cause “slight to moderate reduction in the rate of infiltration” (Ayers and 
Westcot 1985). Although dispersion and consequent reduction in the rate of infil-
tration depend somewhat on clay content, the threshold line shown in Figure 4–
33 is used as an indicator of suitability. 

Under Alternative 2A, a comparison of the resultant mixed water quality with the 
Ayers-Westcot diagram in Figure 4–33 indicates that there is not likely to be a 
reduction in infiltration under mean monthly or 7Q10 flow conditions. 

Figure 4–34 illustrates the relationship between EC and SAR in the Upper 
Tongue River sub-watershed after the water has mixed with varying proportions 
of discharges from CBM produced water under various streamflow conditions. 

Under Alternative 2A, essentially all of the CBM discharge to the Upper Tongue 
River sub-watershed from both states could occur during the low monthly flow 
and during 7Q10 flow conditions without causing effects to infiltration. As stated 
previously, it is important to be mindful of an upper bound on the Ayers-Westcot 
relationship in reviewing the conclusions reached under this alternative. This 
may help explain the situation where the MRPL (or perhaps, the LRPL) shows a 
potential effect, where the Ayers-Westcot diagram indicates no reduction in infil-
tration. 

Based on modeled results, impacts to the suitability for irrigation of the Tongue 
River from CBM development in Wyoming and Montana under Alternative 2A 
would not be expected to occur.  
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Figure 4–31 Stream EC Before and After Mixing – Upper Tongue River Sub-Watershed 

Tongue River at Stateline near Decker, WY (06306300)
Wyoming Alternative 2A - 85.3% Managed Water Loss
Montana Alternative E - 71.0% Managed Water Loss
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Figure 4–32 Stream SAR Before and After Mixing – Upper Tongue River Sub-Watershed 

Tongue River at Stateline near Decker, WY (06306300)
Wyoming Alternative 2A - 85.3% Managed Water Loss
Montana Alternative E - 71.0% Managed Water Loss
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Figure 4–33 Irrigation Suitability Before and After Mixing – Upper Tongue River Sub-Watershed 

Tongue River at Stateline near Decker, WY (06306300)
 Wyoming Alternative 2A - 85.3% Managed Water Loss

Montana Alternative E - 71.0% Managed Water Loss
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Alternative 2B 
Under Alternative 2B, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be greater than under Alternative 1, primarily because of the in-
crease in LAD for water handling and implementation of active treatment. Under 
modeled conditions, the amount of produced water assumed to reach the main 
stem of the Upper Tongue River sub-watershed during the peak year of CBM 
water production is about 4 cfs (2,896 acre-feet/year). Impacts to surface water 
quality in the Upper Tongue River sub-watershed would be less than are de-
scribed under Alternative 1, and similar to Alternative 2A. Additional water 
would be available to support beneficial use because of the proportion of water 
that would undergo active treatment.  

Alternative 3 
Under Alternative 3, the peak year of water production in the Upper Tongue 
River sub-watershed would occur in 2006, when 1,786 wells would be producing 
at an average rate of 6.2 gpm per well. Managed water losses would be the same 
as under Alternative 1. Under modeled conditions, the amount of produced water 
assumed to reach the main stem of the Upper Tongue River sub-watershed during 
the peak year of CBM water production is about 10 cfs (7,241 acre-feet/year). 
Impacts to surface water quality in the Upper Tongue River sub-watershed would 
be similar to those described under Alternative 1. 

Middle Powder River Sub-Watershed 
The surface water impact analysis of the Middle Powder River sub-watershed 
incorporates the cumulative discharges of CBM produced water from the Clear 
Creek, Crazy Woman Creek, Salt Creek, and Upper Powder River sub-
watersheds. The analysis also includes the addition of current and future forecast 
development of CBM in the Montana portion of the Middle Powder River sub-
watershed that would be likely to contribute flows of CBM produced water up-
stream of the USGS gauging station on the Powder River at Moorhead, Montana. 

This analysis assumed that Montana’s Preferred Alternative E would be selected. 
Under Alternative E, Montana would not allow untreated surface discharge from 
CBM wells to the Middle Powder River sub-watershed (in other words, managed 
water losses would equal 100 percent) if Wyoming were to implement Alterna-
tive 1. Montana would, however, allow unlimited (100 percent) surface dis-
charge, assuming MPDES permit requirements were met, if Wyoming were to 
implement one of Alternatives 2A, 2B, or 3. Under the latter scenario, Montana’s 
contribution to flows in the Powder River at the Moorhead, Montana gauging 
station would include discharges from 568 CBM wells. Of course site-specific 
conditions and the actual surface water standards adopted by the MBER will be 
the most important factors in determining the actual water management practices 
within the Montana portion of the PRB.  The MDEQ cannot allow discharges of 
CBM water to impact surface water conditions in excess of prevailing regulations 
and standards. CBM producers in the Wyoming portion of this watershed will be 
held to the same standards if the Montana standards are approved by the EPA and 
given CWA standing. Results of the impact analysis in the Middle Powder river 
sub-watershed under each alternative are presented in Table 4–11. Potential wa-
ter quality impacts are discussed below. 
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Figure 4–34 Irrigation Suitability Before and After Mixing with Varying Proportions of CBM Discharge – Upper Tongue River Sub-
Watershed 

Tongue River at Stateline near Decker, WY (06306300) 
Wyoming Alternative 2A - 85.3% Managed Water Loss
Montana Alternative E - 71.0% Managed Water Loss
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Table 4–11 Surface Water Impact Analysis of the Middle Powder River 
Sub-Watershed 

MRPL LRPL 

Existing Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Resulting Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Alternative SAR EC SAR EC Flow SAR EC Flow SAR EC 

1 2.0 1,000 10 3,200 312 13.8 2,270 

2A 2.0 1,000 10 3,200 230 11.6 2,253 

2B 2.0 1,000 10 3,200 223 11.2 2,249 

3 2.0 1,000 10 3,200

145 4.6 2,154 

218 11.3 2,270 

 

Alternative 1 
Under Alternative 1, the peak year of water production in the Middle Powder 
River sub-watershed would occur in Year 2005, when 21,047 wells would be 
producing at an average rate of 6.2 gpm per well. The peak year of water produc-
tion in the Salt Creek, Clear Creek, Crazy Woman Creek, and Upper Powder 
River sub-watersheds would occur in 2006, however, for the purpose of this 
analysis, the number of wells producing in those watersheds during 2006 was 
used for the cumulative analysis in the Middle Powder River sub-watershed for 
2005 to predict the impacts during the “peak year.” Under modeled conditions, 
the amount of produced water assumed to reach the main stem of the Middle 
Powder River sub-watershed during the peak year of CBM water production is 
about 167 cfs (120,920 acre-feet/year). The volume of water production would be 
less in other than the peak year, and modeled impacts would correspond to this 
reduction.  

Mean monthly EC and SAR values in the Middle Powder River currently exceed 
the MRPL for both constituents under low mean monthly and 7Q10 flow condi-
tions. With the exception of the EC under 7Q10 flow conditions, the water qual-
ity currently is less than the LRPL for both EC and SAR under similar flow con-
ditions. After mixing, natural stream flow would increase by approximately two-
fold during low-flow conditions. The resultant EC and SAR would increase from 
existing conditions.  

Under modeled conditions, the resultant water quality in the Middle Powder 
River sub-watershed would not meet the MRPL for both EC and SAR during all 
months and during 7Q10 flow conditions. The resultant water quality would be 
adequate to meet the LRPL for EC during all months of the year. It would not, 
however, be adequate to meet the LRPL for SAR during the lowest flow months, 
which includes the irrigation season from August through October. A comparison 
of the resultant quality of mixed water with the Ayers-Westcot diagram indicates 
that there would be no reduction in infiltration except during 7Q10 flow condi-
tions. During the low monthly flow, essentially all of the CBM discharge could 
occur without causing potential effects to infiltration. 

Based on modeled results, under certain flow conditions, impacts to the suitabil-
ity for irrigation of the Middle Powder River from CBM development in Wyo-
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ming and Montana would occur at the Moorhead, Montana, station using the 
MRPL and LRPL criteria, if the states and the EPA conclude that the proposed 
limits would be protective of irrigation. 

Modeling indicates that the suitability of the Powder River for irrigation may be 
compromised by the surface discharge of CBM produced water during maximum 
development of CBM in both states. Enhanced monitoring of CBM discharges 
and an evaluation of downstream irrigation practices would be necessary to de-
termine if there would be a measurable decrease in crop production, however. 
State permitting procedures in Wyoming require CBM operators to include an 
irrigation use protection plan with the NPDES permit application. This plan 
specifies necessary measures to prevent violating the narrative standards for the 
protection of irrigated agriculture in the Powder River drainage. Mitigation meas-
ures would be implemented based on the site-specific analysis of existing 
irrigation practices. CBM operators could be required to increase the amount of 
storage of CBM water during the irrigation months to meet the needs of down-
stream irrigators and proceed with more surface discharge during the non-
irrigation months. As the state develops a better understanding of the effects of 
CBM discharges through the enhanced monitoring required by the MOC, the 
permitting approach can be adjusted to allow more or less discharges to the Pow-
der River drainage. Thus, water quality standards and agreements with bordering 
states can be met.  

Alternative 2A 
Under Alternative 2A, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be greater than under Alternative 1, primarily because of the in-
crease in infiltration impoundments and reduced surface discharge. Under mod-
eled conditions, the amount of produced water assumed to reach the main stem of 
the Middle Powder River sub-watershed during the peak year of CBM water pro-
duction from development in both states is about 86 cfs (62,270 acre-feet/year). 
The volume of water production would be less in other than the peak year, and 
modeled impacts would correspond to this reduction.  

After mixing, natural stream flows would almost double under low-flow condi-
tions. The resultant EC and SAR would increase from existing conditions, al-
though the increases would be less than under Alternative 1. 

Figures 4–35 and 4–36 are used to illustrate the months during the year that the 
existing water quality and resultant quality of mixed water under mean monthly 
flow and 7Q10 flow conditions would exceed the MRPL and LRPL considered 
for water quality in the Middle Powder River sub-watershed. 

Under Alternative 2A, when CBM produced water discharges from both states 
are mixed, the resultant EC under mean monthly and 7Q10 flow conditions is 
greater than the MRPL during all months of the year. The resultant EC is less 
than the LRPL under similar flow conditions. 

Under Alternative 2A, the resultant SAR under mean monthly and 7Q10 flow 
conditions is greater than the MRPL during all months of the year when dis-
charges of CBM produced water from both states are mixed. The resultant SAR 
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would not be adequate to meet the LRPL during the lowest flow months, which 
includes the irrigation months of August through October, or during 7Q10 flow 
conditions. 

Figure 4–37 illustrates the suitability for irrigation of the Powder River before 
and after it mixes with discharges of CBM produced water. 

Under Alternative 2A, a comparison of the resultant quality of mixed water with 
the Ayers-Westcot diagram in Figure 4–37 indicates that there is not likely to be 
a reduction in infiltration except under 7Q10 flow conditions. 

Figure 4–38 illustrates the relationship between EC and SAR in the Middle Pow-
der River sub-watershed after it mixes with varying proportions of discharges of 
CBM produced water under various streamflow conditions. 

Under Alternative 2A, essentially all of the CBM discharge to the Middle Pow-
der River sub-watershed from both states could occur without causing effects to 
infiltration, with the exception of 7Q10 flow conditions. As stated previously, it 
is important to be mindful of an upper bound on the Ayers-Westcot relationship 
in reviewing the conclusions reached under this alternative. This may help ex-
plain the situation where the MRPL (or perhaps, the LRPL) shows a potential 
effect, where the Ayers-Westcot diagram indicates no reduction in infiltration. 

Based on modeled results, under certain flow conditions, impacts to irrigated ag-
riculture in the Powder River sub-watershed from CBM development in Wyo-
ming and Montana under Alternative 2A may occur. Although the resultant im-
pacts fall outside the boundaries of the LRPL during some months, BLM recog-
nizes the uncertainty concerning the determination of water quality standards for 
EC and SAR. If a standard at the low end of the range of proposed values is se-
lected, additional mitigation may be necessary for CBM discharges to this sub-
watershed to occur. Potential mitigation measures that could be implemented in 
order to meet the ultimate regulatory standards for EC and SAR once those stan-
dards have been identified include CBM produced water storage during the irri-
gation months and surface discharge during the non-irrigation months. In addi-
tion, discharge permits issued by the WDEQ would be the mechanism that would 
identify the appropriate mix of water handling methods to be employed to meet 
the standards. Producers also may decide to limit development in the Middle 
Powder River sub-watershed to meet permit requirements rather than utilizing 
other water management practices (infiltration, treatment, LAD). As a result, 
even though the model predicts impacts, ultimately those predicted impacts to the 
irrigation suitability of the Powder River from CBM development in Wyoming 
and Montana under Alternative 2A may not occur. 
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Figure 4–35 Stream EC Before and After Mixing – Middle Powder River Sub-Watershed 

Middle Powder River at Moorhead, MT (06324500)
Wyoming Alternative 2A - 65.9% Managed Water Loss

Montana Alternative E - 0% Managed Water Loss
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Figure 4–36 Stream SAR Before and After Mixing – Middle Powder River Sub-Watershed 

Middle Powder River at Moorhead, MT (06324500)
Wyoming Alternative 2A - 65.9% Managed Water Loss

Montana Alternative E - 0% Managed Water Loss
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Figure 4–37 Irrigation Suitability Before and After Mixing – Middle Powder River Sub-Watershed 

Middle Powder River at Moorhead, MT (06324500)  
Wyoming Alternative 2A - 65.9% Managed Water Loss 

Montana Alternative E - 0% Managed Water Loss
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Figure 4–38 Irrigation Suitability Before and After Mixing with Varying Proportions of CBM Discharge – Middle Powder River Sub-
Watershed 

Middle Powder River at Moorhead, MT (06324500) 
Wyoming Alternative 2A - 65.9% Managed Water Loss 

Montana Alternative E - 0% Managed Water Loss
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Alternative 2B 
Under Alternative 2B, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be greater than under Alternative 1, primarily because of the in-
crease in infiltration impoundments and implementation of active treatment. Un-
der modeled conditions, the amount of produced water assumed to reach the 
main stem of the Middle Powder River sub-watershed during the peak year of 
CBM water production from development in both states is about 79 cfs (57,200 
acre-feet/year). Impacts to surface water quality in the Middle Powder River sub-
watershed would be less than are described under Alternative 1 and similar to 
those described for Alternative 2A. Additional water would be available to sup-
port beneficial use because of the proportion of water that would undergo active 
treatment. 

Alternative 3 
Under Alternative 3, the peak year of water production in the Middle Powder 
River sub-watershed would occur in 2005, when 8,469 wells would be producing 
at an average rate of 6.2 gpm per well. Managed water losses would be the same 
as under Alternative 1. Under modeled conditions, the amount of produced water 
assumed to reach the main stem of the Middle Powder River sub-watershed dur-
ing the peak year of CBM water production from development in both states is 
about 74 cfs (53,581 acre-feet/year). Impacts to surface water quality in the Mid-
dle Powder River sub-watershed would be similar to those described under Al-
ternative 1. 

Little Powder River Sub-Watershed  
The development of CBM resources in Montana would not contribute flows up-
stream of the USGS gauging station on the Little Powder River near Weston, 
Wyoming. However, CBM development in Wyoming has the potential to cause 
impacts to water quality in this drainage. As a result, future forecast development 
of CBM resources downstream in Montana may be limited in the amount of sur-
face discharge to this drainage under the Montana preferred alternative. 

Results of the impact analysis in the Little Powder River sub-watershed under 
each alternative are presented in Table 4–12. Potential water quality impacts are 
discussed below. 

Table 4–12 Surface Water Impact Analysis of the Little Powder River 
Sub-Watershed 

MRPL LRPL 

Existing Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Resulting Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Alternative SAR EC SAR EC Flow SAR EC Flow SAR EC 

1 3.0 1,000 10 3,000 21 10.6 1,519 

2A 3.0 1,000 10 3,000 16 10.4 1,606 

2B 3.0 1,000 10 3,000 15 10.4 1,625 

3 3.0 1,000 10 3,000

3 6.9 3,300 

18 10.5 1,564 
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Alternative 1 
Under Alternative 1, the peak year of water production in the Little Powder River 
sub-watershed would occur in 2005, when 2,543 wells would be producing at an 
average rate of 6.2 gpm per well. Under modeled conditions, the amount of pro-
duced water assumed to reach the main stem of the Little Powder River sub-
watershed during the peak year of CBM water production is about 19 cfs (13,757 
acre-feet/year). The volume of water production would be less in other than the 
peak year, and modeled impacts would correspond to this reduction. 

Mean monthly EC and SAR values in the Little Powder River currently exceed 
the MRPL for both constituents under low mean monthly and 7Q10 flow condi-
tions. Mean EC and SAR values currently are less than the LRPL for both con-
stituents during low-flow conditions. After mixing, the resultant stream flow un-
der low-flow conditions would increase substantially. The resultant EC would 
decrease, whereas the SAR would increase from existing conditions. The existing 
7Q10 flow is calculated as zero, so that the resultant water quality under these 
flow conditions would be represented by the quality of CBM produced water if 
discharges were to occur during critical low-flow periods. 

Under modeled conditions, the resultant water quality in the Little Powder River 
sub-watershed during all months and during 7Q10 flow conditions would not 
meet the MRPL for both EC and SAR. The resultant water quality would be ade-
quate to meet the LRPL for EC during all months of the year. It would not, how-
ever, be adequate to meet the LRPL for SAR during the lowest flow months, 
which includes the irrigation season of August and September. A comparison of 
the resultant quality of mixed water with the Ayers-Westcot diagram indicates 
that there would be some reduction in infiltration during some months of the irri-
gation season and during 7Q10 flow conditions. During the low monthly flow, 
about 40 percent of the CBM discharge could occur without causing potential 
effects to infiltration. 

Based on modeled results, under certain flow conditions, impacts to the suitabil-
ity for irrigation of the Little Powder River sub-watershed from CBM develop-
ment in Wyoming would occur at the Weston, Wyoming station using the Ayers-
Westcot diagram and MRPL and LRPL criteria for EC and SAR if the states and 
the EPA conclude that the proposed limit would be protective of irrigation. 

Modeling indicates that the suitability of the Little Powder River for irrigation 
may be compromised by the surface discharge of CBM produced water during 
maximum CBM development in both states. However, enhanced monitoring of 
CBM discharges and an evaluation of downstream irrigation practices would be 
necessary to determine if there would be a measurable decrease in crop produc-
tion. State permitting procedures in Wyoming require CBM operators to include 
an irrigation use protection plan with the NPDES permit application. This plan 
specifies necessary measures to prevent violating the narrative standards for the 
protection of irrigated agriculture in the Powder River drainage. Mitigation 
measures would be implemented based on the site-specific analysis of existing 
irrigation practices. CBM operators could be required to increase the amount of 
storage of CBM water during the irrigation months to meet the needs of down-
stream irrigators and proceed with more surface discharge during the non-
irrigation months. As the state develops a better understanding of the effects of 
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CBM discharges through the enhanced monitoring required by the MOC, the 
permitting approach can be adjusted to allow more or less discharges to the Little 
Powder River drainage. Thus, water quality standards and agreements with bor-
dering states can be met. 

Alternative 2A 
Under Alternative 2A, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be greater than under Alternative 1, primarily because of the in-
crease in infiltration impoundments and reduced surface discharge. Under mod-
eled conditions, the amount of produced water assumed to reach the main stem of 
the Little Powder River sub-watershed during the peak year of CBM water pro-
duction is about 13 cfs (9,143 acre-feet/year). The volume of water production 
would be less in other than the peak year, and modeled impacts would corre-
spond to this reduction. The resultant water quality in streams would decrease in 
EC and increase in SAR from existing conditions under both low monthly and 
mean monthly flow conditions, although the increases would be less than under 
Alternative 1.  

Figures 4–39 and 4–40 illustrate the months during the year when the existing 
water quality and resultant quality of mixed water under mean monthly flow and 
7Q10 flow conditions would exceed the MRPL and LRPL considered for water 
quality in the Little Powder River sub-watershed. 

Under Alternative 2A, the resultant EC under mean monthly flow conditions is 
greater than the MRPL during all months of the year. The resultant EC is less 
than the LRPL under both mean monthly and 7Q10 flow conditions. 

Under Alternative 2A, the resultant SAR under mean monthly and 7Q10 flow 
conditions is greater than the MRPL during all months of the year. The resultant 
SAR is less than the LRPL, except potentially during the lowest flow months and 
during 7Q10 flow conditions. 

Figure 4–41 illustrates the irrigation suitability of the Little Powder River before 
and after it mixes with discharges of CBM produced water under Wyoming’s 
Alternative 2A.  

Under Alternative 2A, a comparison of the resultant quality of mixed water with 
the Ayers-Westcot diagram in Figure 4–41 indicates that there would be some 
reduction in infiltration during some months of the irrigation season and under 
7Q10 flow conditions. 

Figure 4–42 illustrates the relationship between EC and SAR in the Little Powder 
River sub-watershed after the water mixes with varying proportions of discharges 
of CBM produced water under various streamflow conditions. 

Under Alternative 2A, about 50 percent of the CBM discharge could occur dur-
ing the low monthly flow without causing effects to infiltration.  
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Figure 4–39 Stream EC Before and After Mixing – Little Powder River Sub-Watershed 

Little Powder River near Weston, WY (06324970)
Wyoming Alternative 2A - 53.3% Managed Water Loss

0

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

7Q10 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

E
C

 (u
S

/c
m

)

Irrigation Season Mean Monthly Stream EC Before Mixing With CBM Water 
Irrigation Season Mean Monthly Stream EC After Mixing With CBM Water 
Non-Irrigation Season Mean Monthly Stream EC After Mixing With CBM Water 
Non-Irrigation Season Mean Monthly Stream EC Before Mixing With CBM Water 
7Q10 Stream EC After Mixing With CBM Water 
7Q10 Stream EC Before Mixing With CBM Water 

LRPL

MRPL



Chapter 4 — Environmental Consequences 

 4–112 PRB O & G FEIS 

Figure 4–40 Stream SAR Before and After Mixing – Little Powder River Sub-Watershed 

Little Powder River near Weston, WY (06324970)
Wyoming Alternative 2A - 53.3% Managed Water Loss
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Figure 4–41 Irrigation Suitability Before and After Mixing – Little Powder River Sub-Watershed 

Little Powder River near Weston, WY (06324970)
Wyoming Alternative 2A - 53.3% Managed Water Loss 
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Figure 4–42 Irrigation Suitability Before and After Mixing with Varying Proportions of CBM Discharge – Little Powder River Sub-
Watershed 
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Based on modeled results, under certain flow conditions, impacts to the suitabil-
ity for irrigation of the Little Powder River from CBM development may occur. 
However, as noted previously, samples collected since the onset of CBM produc-
tion in the Upper Belle Fourche River and Little Powder River sub-watersheds 
have not detected changes in ambient stream water quality which were predicted 
by the mass balance model, and actual impacts may be less then the mass balance 
model predicts. The magnitude of the model results can not be verified based 
upon actual measured water quality data. Adequate protection of existing uses 
and water quality standards can only be accomplished through direct monitoring 
of stream water quality to measure the effects of CBM discharge. In addition, 
discharge permits issued by the WDEQ would be the mechanism that would 
identify the appropriate mix of water handling methods to be employed to meet 
the standards. Producers also may decide to limit development in the Little Pow-
der River sub-watershed to meet permit requirements rather than utilizing other 
water management practices (infiltration, treatment, LAD). As a result, even 
though the model predicts impacts, ultimately those predicted impacts to the irri-
gation suitability of the Little Powder River from CBM development in Wyo-
ming under Alternative 2A may not occur. 

Alternative 2B 
Under Alternative 2B, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative 1. Managed water 
losses would be greater than under Alternative 1, primarily because of the in-
crease in infiltration impoundments and implementation of active treatment. Un-
der modeled conditions, the amount of produced water assumed to reach the 
main stem of the Little Powder River sub-watershed during the peak year of 
CBM water production is about 12 cfs (8,689 acre-feet/year). Impacts to surface 
water quality in the Little Powder River sub-watershed would be less than are 
described under Alternative 1, and similar to those described for Alternative 2A. 
Additional water would be available to support beneficial use because of the pro-
portion of water that would undergo active treatment. 

Alternative 3 
Under Alternative 3, the peak year of water production in the Little Powder River 
sub-watershed would occur in 2005, when 2,093 wells would be producing at an 
average rate of 6.2 gpm per well. Managed water losses would be the same as 
under Alternative 1. Under modeled conditions, the amount of produced water 
assumed to reach the main stem of the Little Powder River sub-watershed during 
the peak year of CBM water production is about 15 cfs (10,861 acre-feet/year). 
Impacts to surface water quality in the Little Powder River sub-watershed would 
be similar to those described under Alternative 1. 

Cumulative Surface Water Impact Analysis 
Results of the cumulative impact analysis in the Powder River Basin under 
Wyoming’s Alternative 2A and Montana’s Alternative E are presented in Table 
4–13. The analysis at the Tongue River station near Ashland, Montana, incorpo-
rates all existing and future forecast CBM development in the Tongue River wa-
tershed from Wyoming and Montana. The analysis at the Powder River station at 
Locate, Montana, incorporates the existing and future forecast CBM develop-
ment in the Little Powder and Powder River drainages in Wyoming and the por-
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tions that lie within Montana. Potential impacts to water quality are discussed 
briefly below and in detail in the SWQATR that has been prepared in support of 
this analysis. 

Table 4–13 Cumulative Surface Water Impact Analysis 

MRPL LRPL 

Existing Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Resulting Stream Water 
Quality at Minimum 
Mean Monthly Flow 

Station SAR EC SAR EC Flow SAR EC Flow SAR EC 
Tongue River at 
Brandenberg 
Bridge near 
Ashland, MT 

0.5 500 10 2,500 207 1.36 1,016 214 2.50 1,058 

Powder River at 
Locate, MT 2.0 1,000 10 3,200 143 4.61 2,287 236 11.4 2,320 

 

The water quality in the Tongue River at Ashland, Montana currently, exceeds 
the MRPL for EC and SAR. Thus, any additional discharge that would reach the 
main stem would likely cause further degradation in terms of suitability for irri-
gation if the states and the EPA conclude that the MRPL is protective of irriga-
tion uses. During low-flow conditions, surface water flow in the Tongue River 
would increase moderately. The resultant water quality in streams would increase 
slightly in EC and SAR from existing conditions. Both constituents would be at 
concentrations less than the LRPL. A comparison of the resultant quality of 
mixed water with the Ayers-Westcot diagram indicates that there is not likely to 
be a reduction in infiltration during mean monthly or 7Q10 flow conditions. 

The water quality in the Powder River at Locate, Montana, currently exceeds the 
MRPL for EC and SAR. Thus, any additional discharge that would reach the 
main stem would likely cause further degradation in terms of suitability if the 
states and EPA conclude that the MRPL is protective of irrigation. During low-
flow conditions, flow of surface water in the Powder River would increase ap-
proximately twofold. The resultant water quality in the stream would increase 
slightly in EC and, more significantly, in SAR from existing conditions. With the 
exception of the SAR during minimum mean monthly flow, both constituents 
would be at concentrations less than the LRPL. A comparison of the resultant 
quality of mixed water with the Ayers-Westcot diagram indicates that there is not 
likely to be a reduction in infiltration except during 7Q10 flow conditions.  

Modeling indicates that the suitability of the Tongue River for irrigation may be 
compromised by the surface discharge of CBM produced water during maximum 
CBM development in both states. However, existing interstate agreements have 
been developed to minimize impacts until protective standards are put in place 
and the assimilative capacity is equitably divided among the states and tribes. 
Surface discharge to the Tongue River from CBM development in both states 
currently is controlled by the two state DEQs. These agencies have agreed to an 
interim “no new discharge” policy that would not authorize untreated surface 
discharge of CBM waters to the Tongue River unless the water quality was at or 
near the existing level in the Tongue River. 
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Cumulative effects to the suitability for irrigation of the Powder River would be 
minimized through the interim MOC that the two DEQs have signed. This MOC 
was developed to ensure that designated uses downstream in Montana would be 
protected while CBM development in both states continued. As the two states 
develop a better understanding of the effects of CBM discharges through the en-
hanced monitoring required by the MOC, they can adjust the permitting ap-
proaches to allow more or less discharges to the Powder River drainage. Thus, 
through the implementation of instream monitoring and adaptive management, 
water quality standards and interstate agreements can be met. 

Of course site-specific conditions and the actual surface water standards adopted 
by the MBER will be the most important factors in determining the actual water 
management practices within the Montana portion of the PRB.  The MDEQ can-
not allow discharges of CBM water to impact surface water conditions in excess 
of prevailing regulations and standards. CBM producers in the Wyoming portion 
of this watershed will be held to the same standards if the Montana standards are 
approved by the EPA and given CWA standing. 

Effects from each Alternative Common to All Sub-
Watersheds 

Alternative 1 

Surface Drainages 
Potential effects from discharges of CBM produced water to surface drainages 
within the Project Area include alteration in flow, erosion, degradation of the 
stream channel, and increased sedimentation. Potential effects would be most 
pronounced during periods of historical low flow. Surface drainages may be af-
fected by the discharge of CBM produced water where channels are not stable, 
armored, or large enough to accommodate the anticipated flows. Localized flood-
ing may occur with increased frequency and magnitude where the capacity of the 
channel or basin is insufficient to handle the increased flows. In contrast to natu-
rally occurring flows, which fluctuate significantly with changing seasons, flows 
generated by discharges of CBM produced water occur year-round with small 
fluctuations. Site-specific Water Management Plans (Appendix I) submitted at 
the APD and POD level of analysis would be an integral part of mitigation plan-
ning to control and monitor the potential effects from increased flows in surface 
drainages. 

Conveyance losses caused by evapotranspiration and infiltration would minimize 
the volume of discharged CBM produced water that would reach the main stems 
of surface drainages. However, draws that previously were ephemeral could be-
come perennial downstream from clustered outfalls that discharge large volumes 
of CBM produced water. Modeled conditions assumed a single conveyance loss, 
whereas actual conveyance loss would vary. Higher conveyance losses would 
correspond to unsaturated stream channel conditions. Locating surface discharge 
outfalls higher up in ephemeral or intermittent drainages would encourage con-
veyance loss, as these drainages would essentially be under unsaturated condi-
tions. Conveyance losses would be minimal when CBM produced water is dis-
charged into perennial waterways. Conveyance losses would likely be signifi-
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cantly reduced during prolonged cold winters, enhancing runoff and areas of 
standing water during the spring melt.  

Wyoming’s 2002 Clean Water Act 303(d) list identifies water bodies within the 
Project Area that do not support all of the designated uses (WDEQ 2002b). Pol-
lutants of concern causing existing impairments to water quality in the Upper 
Tongue River, Upper Powder River, and Upper Belle Fourche River sub-
watersheds include temperature, selenium, chloride, and fecal coliform. CBM 
discharges should not aggravate the impaired waterbodies for these pollutants of 
concern on the listed waterbodies. If these pollutants do become a concern from 
CBM discharge, they would be controlled through the NPDES permit. Surface 
drainages would also likely exhibit iron staining below designated outfalls, where 
CBM produced water that is typically high in iron would be discharged. Iron 
staining would be less evident in the Upper Tongue River, Clear Creek, and 
Middle Powder sub-watersheds where NPDES permit requirements for passive 
treatment of iron in CBM discharges would apply. 

As surface discharge of CBM produced water continues, the creeks and draws in 
the upper basin would become saturated and runoff rates are likely to increase, 
thus producing more water during storms. High seasonal flows during the spring 
would be expected to rise with the addition of CBM produced water. Channels 
may be more likely to overbank during snowmelt, flooding nearby fields. Local-
ized erosion and formation of gullies, water-damaged structures, inundated vege-
tation, siltation, or breaching of irrigation structures may result from large, late, 
or prolonged floods. However, numerous impoundments constructed to store 
CBM produced water for beneficial use also would serve as effective structures 
for flood control, provided facilities were sited and constructed in accordance 
with WDEQ, WSEO, and WOGCC requirements. Increased surface flows also 
could fill channels and culverts with ice during the winter, causing localized 
flooding. Closed basins or playas (old lakebeds) may become inundated if CBM 
produced water is discharged into them. 

Although drainages would not be expected to flow under completely natural con-
ditions during the life of the project, the enhanced CBM flows are not expected 
to alter surface drainage patterns, except as noted. Streams enhanced by large 
volumes of CBM produced water may begin to establish meander patterns on 
longer wavelengths in response to increased flows. Stream drainages would read-
just to their existing natural flows at the end of the project’s life. 

Downcutting (stream erosion) and sediment deposition (aggradation) are natural 
processes that occur as stream drainages age through time. Downcutting occurs 
within the upper reaches of a drainage system as the stream channel becomes 
incised through erosion, until the slope of the stream and its velocity are reduced 
and further erosion is limited. Sediment is deposited within the lower, slower 
reaches of a stream. 

Surface drainages could be degraded from erosion caused by increased surface 
flows, unless rates of CBM discharge and outfall locations are carefully con-
trolled. Increased flows could cause downcutting in fluvial environments, result-
ing in increased channel capacity over time within the upper and middle reaches 
of surface drainages. Ravines or gullies are likely to develop unless outfalls are 
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carefully located and designed where downcutting occurs in highly erodible soils. 
The design should avoid surface discharge above existing headcut areas. 

Sediment transported downstream from outfalls likely would be deposited in flu-
vial settings as stream gradients decrease within lower reaches of drainages. 
Wherever sediment is deposited, the channel capacity likely would decrease over 
time. This decrease may increase the likelihood that localized flooding may oc-
cur. A new balance between channel capacity and floodplain morphology would 
be established as the proposed project is implemented, and would be re-
established at the end of the project’s life. Where the quality of produced water 
and landowner preferences allow construction of stock reservoirs to store some 
surface flows for beneficial use, these structures likely also would serve as effec-
tive flood control measures during intense storms. These impoundments would 
be located in-channel or near-channel and would be designed and sited in accor-
dance with WSEO, WDEQ, and WOGCC requirements. 

Overbank deposits (produced during floods) can yield nutrient-rich and arable 
soils, which may enhance the agricultural uses of the affected lands. Alterna-
tively, overbank deposits may add saline or fine-grained sediments to a flood-
plain, decreasing productivity and lowering infiltration rates through the addition 
of materials with elevated SAR values. The latter could occur in sub-watersheds 
that are affected by saline soils, soils developed from shales, or CBM produced 
water that contains elevated SAR values.  

In sub-watersheds where LAD is used as a method of produced water manage-
ment, surface salts left behind could reach surface drainages during prolonged 
storms. Winter operation of LAD systems could build up ice on the surfaces of 
soil during sub-freezing temperatures. Site-specific Water Management Plans 
submitted at the APD and POD level of analysis would be an integral part of the 
mitigation planning to control and monitor the potential effects from LAD.  

Springs 
New springs may develop in areas where infiltration of CBM produced water is 
recharging alluvial aquifers or Wasatch sands. Spring flow may be inhibited lo-
cally if compaction occurs during construction or production. Natural discharge 
from springs can be affected by a reduction in hydraulic head within the source 
aquifer. It is unlikely, however, that new springs would develop near properly 
engineered and constructed containment impoundments, provided facilities are 
sited and constructed in accordance with WDEQ, WSEO, and WOGCC require-
ments.  

Water Bodies 
Large reservoirs located within or downstream of the Project Area (Lake De 
Smet in the Clear Creek sub-watershed, Keyhole Reservoir in the Upper Belle 
Fourche River sub-watershed, and Angostura Reservoir in the Upper Cheyenne 
River sub-watershed) potentially would receive surface flows that contain CBM 
produced water. Loads of suspended sediment to these reservoirs are not likely to 
increase as a result of surface discharge of CBM produced waters. Conversely, 
large flushing flows from infrequent storm events would continue to be the major 
carriers of sediment load. As surface streams transport suspended sediment 
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downstream, their ability to acquire and transport additional sediment would de-
crease. However, these large reservoirs would serve as sediment traps so that dis-
charges or releases from these reservoirs would not be compromised by sus-
pended sediment loads. More than half of the smaller permitted surface water 
impoundments in the Project Area could also receive surface flows that contain 
CBM produced water. 

In-channel impoundments used to manage produced water would be designed as 
flow-through structures and would be properly permitted by WSEO. No existing 
surface water right would be expected to be affected by this method of water 
handling. Off-channel impoundments used to manage produced water would be 
properly permitted by WSEO. Shallow groundwater systems and surface waters 
would not be expected to be affected by this method of water handling, provided 
facilities are designed and sited in accordance with WDEQ, WSEO, and 
WOGCC requirements. 

CBM produced waters discharged to off-channel containment impoundments 
would require an NPDES permit issued by WDEQ, which would establish efflu-
ent limitations that would be protective of use by livestock and wildlife. Concen-
trations of salts and trace metals, particularly selenium, may become elevated in 
the water contained in these impoundments as evaporation occurs. Water quality 
could reach levels of concern for various constituents when inflow to the im-
poundments ceases and NPDES permit monitoring requirements no longer apply. 
Sediments left behind after the water evaporates may require special handling 
during reclamation. The quality and quantity of CBM produced water that may 
reach surface impoundments should be carefully monitored and addressed in 
management planning for each area affected by CBM development. Potential 
effects on surface water impoundments should be analyzed on a site-specific ba-
sis, as needed, during review of water management plans submitted at the APD 
or POD level of analysis. Impacts should be mitigated through application of 
special conditions of approval.  

Infiltration rates in impoundments used to manage produced water may decline 
over time. CBM produced waters high in sodium may disperse the clay soil parti-
cles and decrease the permeability of soil for impoundments constructed in 
clayey soils, thus decreasing the rate of infiltration. Impoundments constructed in 
sandy soils would be less affected by increased concentrations of sodium over 
time, and infiltration rates would likely be maintained over the life of the im-
poundment. Percolation rates and characteristics of the soil beneath infiltration 
impoundments should be carefully monitored and addressed in water manage-
ment planning for each area that would be affected by CBM development. Poten-
tial effects on infiltration impoundments should be analyzed on a site-specific 
basis, as needed, during review of water management plans submitted at the APD 
or POD level of analysis. Effects should be mitigated through application of spe-
cial conditions of approval. 

Surface Water Use 
Produced water from CBM wells is most likely to be beneficially used for irriga-
tion, livestock watering, wildlife, wildlife habitats, and fisheries. Produced water 
would be available for limited use for dust suppression on access roads to wells 
under WOGCC guidelines. Water discharged to surface drainages would be 
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available for appropriation and diversion under WSEO authorizations. Agricul-
tural and livestock operations would thus obtain additional surface water to man-
age and use. Discharge and storage of CBM produced water on upland areas in 
the Project Area would disperse livestock and wildlife and offer the benefit of 
better use of forage and reduced overgrazing and erosion.  

Alternative 2A 
Under Alternative 2A, effects to surface drainages, springs, surface water bodies, 
and surface water use would be similar to those described for Alternative 1, with 
the exceptions noted below.  

Surface drainages would be less affected by alteration in flow, erosion, and sedi-
mentation than under Alternative 1 because of the changes in management of 
produced water and decreased surface discharge of CBM produced water. Sur-
face drainages would be less likely to exhibit iron staining below designated out-
falls as NPDES permit requirements for passive treatment of iron in CBM dis-
charges would apply to those sub-watersheds where discharge would occur. Ef-
fects from surface water impoundments designed as infiltration basins may be 
greater than under Alternative 1 because of the larger proportion of CBM pro-
duced water managed in these impoundments. The siting guidance established by 
WDEQ, WSEO, and WOGCC for these impoundments would minimize the ef-
fects.  

Effects from LAD would increase from Alternative 1 because of the higher pro-
portion of LAD used for handling CBM produced water. Potential effects from 
LAD would occur in those sub-watersheds where the systems were not imple-
mented under Alternative 1, specifically in the Upper Tongue River, Upper Pow-
der River, Salt Creek, Antelope Creek, Upper Cheyenne River, and Upper Belle 
Fourche River sub-watersheds. The amount of water available to support benefi-
cial use for livestock and wildlife would increase from Alternative 1 because of 
the smaller percentage of direct surface discharge. The amount also would rise as 
a result of the increase in water handling through infiltration impoundments. 

Alternative 2B 
Under Alternative 2B, effects to surface drainages, springs, surface water bodies, 
and surface water use would be similar to those described for Alternative 1, with 
the exceptions below. 

Surface drainages would be less affected by alteration in flow, erosion, and sedi-
mentation than under Alternative 1 because of the changes in management of 
produced water and decreased surface discharge of CBM produced water. Sur-
face drainages would be less likely to exhibit iron staining below designated out-
falls as NPDES permit requirements for passive treatment of iron in CBM dis-
charges would apply to those sub-watersheds. With the exception of the Upper 
Belle Fourche, additional water would be available in all sub-watersheds where 
CBM development is proposed to support beneficial uses through implementa-
tion of some level of active treatment. Treated water would be stored in infiltra-
tion ponds and would be available to blend with additional CBM discharges be-
fore surface discharge. CBM produced water that has been treated before it is 
discharged to surface impoundments would have less effect on the soils beneath 
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the impoundment, depending on the level of treatment. Thus, rates of infiltration 
would be less likely to decline over time if the impoundments are situated on 
clayey soils. 

Effects from complete containment impoundments would be less than under Al-
ternative 1. The number of large containment impoundments would decrease, and 
the number of smaller infiltration ponds constructed to facilitate stock watering 
and other beneficial uses would increase, because of the higher percentage of 
better-quality water from active treatment. Sediments left behind in surface im-
poundments would be less likely to require special reclamation, provided some of 
the water discharged to the impoundments has undergone treatment. The treat-
ment of CBM produced waters could result in the generation of residues that 
would contain concentrated salts extracted from the CBM water. These residues 
would need to be analyzed on a case-by-case basis during water management 
planning and proposed treatment implementation to determine their characteris-
tics and disposal requirements. 

Alternative 3 
Under Alternative 3, effects to surface drainages, springs, surface water bodies, 
and surface water use would be similar to those described for Alternative 1; how-
ever, the magnitude of effects would be less because of the decreased volume of 
CBM produced water that would be discharged to surface drainages and surface 
water impoundments throughout the Project Area.  

Cumulative Effects Common to All Sub-Watersheds 

Alternative 1 

Surface Drainages 
Both mining and CBM development result in water collection and discharge to 
surface drainages. Groundwater encountered during mining is stored in sedimen-
tation ponds. Much of this water is used for dust suppression during mining and 
is not discharged to surface drainages, except during certain storms. Discharges 
from the sedimentation ponds could contain higher concentrations of dissolved 
solids and be of lower quality because of sediment mixing during precipitation 
and concentration through evaporation. In contrast, CBM water produced from 
wells is essentially free of sediment, although discharge to surface drainages can 
increase sediment loading caused by increased stream erosion. 

Active coal mines are located within three sub-watersheds in the Project Area: 
the Upper Belle Fourche River, the Little Powder River, and the Upper Cheyenne 
River sub-watersheds. TDS values of mine discharges from sedimentation ponds 
to these drainages would not likely cause any discernible effects to existing water 
quality compared with effects from CBM discharges. Mine discharges are typi-
cally intermittent and the water quality is likely similar in composition to the 
natural water quality in streams. Discharges from surface coal mines are also 
subject to the requirements of WDEQ’s NPDES program. 

Culverts that carry water from upstream reaches of sub-watersheds that are un-
dergoing CBM development may have to be re-sized. Diversion channels for 
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natural flows also may have to be re-sized to handle additional flows. Mining 
operations that partially treat water in sedimentation reservoirs may have to treat 
additional water. In these situations, the water quality at the mine NPDES out-
falls may be affected by CBM discharge that commingles with water from the 
surface mines. Potential effects on mine operations should be analyzed on a site-
specific basis, as needed, during review of CBM PODs or water management 
plans. Impacts should be mitigated through application of special conditions of 
approval. 

By the end of the project’s life, some surface drainages within the Project Area 
may be slightly deeper than they are today as a result of erosion. Careful siting 
and design of surface discharge outfalls would prevent or mitigate this impact. 
Downvalley, a careful observer may notice a few more bar or beach deposits 
within perennial streams or rivers than today.  

South Dakota’s 2002 303(d) list identifies water bodies downstream of the Pro-
ject Area that do not support all of the designated uses (SDDNR 2002). Existing 
impairments to water quality caused by sedimentation and salinity in the Chey-
enne and Belle Fourche Rivers could be aggravated by discharges of CBM pro-
duced water to surface drainages in those sub-watersheds. Increased sedimenta-
tion may occur in the Upper Cheyenne River sub-watershed through expansion in 
the PRB of the DM&E Railroad Corporation. Sediment loading to downstream 
segments in South Dakota currently listed as impaired by sedimentation could 
increase. BMPs implemented as required by NPDES permits during railroad con-
struction would minimize additional sediment loading to the drainage, however. 
Monitoring existing conditions at the state line between Wyoming and South Da-
kota would allow WDEQ to continually revise its permitting strategy for CBM 
discharges in the affected drainage. Monitoring also would facilitate development 
of TMDL wasteload allocations that are protective of existing and future uses in 
both states. 

Segments of the Tongue, Powder, and Little Powder Rivers in Montana down-
stream of the Wyoming border appear in Montana’s 2000 303(d) list for water 
quality impairments caused by siltation and alteration in flow (MDEQ 2002). 
Discharges of CBM produced water to these drainages could aggravate the exist-
ing impairments. TMDLs are scheduled for development in 2002 and would be 
used to protect the water quality in those streams and guide future CBM devel-
opment in both states. 

Springs 
Spring flows may have changed from present conditions. Potential effects on ex-
isting springs should be analyzed on a site-specific basis, as needed, during re-
view of water management plans submitted at the APD or POD level of analysis. 
Impacts should be mitigated through application of special conditions of ap-
proval. 

Water Bodies 
Reservoirs downstream of the Project Area likely would receive more water and 
could take in additional sediment as a consequence of CBM development. The 
large capacity of these reservoirs would likely minimize any increases in concen-
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trations of suspended sediment that may occur as a result of CBM development 
in upstream drainages. Additional water would better support adjudicated water 
uses downstream. 

Water Use 
Agricultural and livestock operations would obtain additional surface water to 
manage and use during the life of the project. Stock watering and irrigation likely 
would increase within the area of cumulative effects.  

Alternative 2A 
The cumulative effects on surface drainages, springs, surface water bodies, and 
surface water use would be similar to those described under Alternative 1, with 
the exceptions noted below. 

Sediment loading to downstream reservoirs would be less than under Alternative 
1 because of the decreased percentage of surface discharge of CBM produced 
water. Infiltration impoundments constructed in -channel would further minimize 
sediment transport downstream to the larger reservoirs. Sedimentation may in-
crease in surface waters adjacent to infiltration impoundments, as the impound-
ments are reclaimed at the end of the project’s life. BMPs for erosion and sedi-
ment controls would mitigate increases in sedimentation in surface drainages dur-
ing reclamation of the impoundments.  

Alternative 2B 
The cumulative effects on surface drainages, springs, surface water bodies, and 
surface water use would be similar to those described under Alternative 1, with 
the exceptions noted below. 

The number of surface impoundments that would remain at the end of the pro-
ject’s life would be greater than under Alternative 1 because additional im-
poundments would have been constructed to contain water that had been actively 
treated for beneficial use. Many of these impoundments may not be reclaimed, 
depending on the desires of the surface owners, so that increases in sedimentation 
in surface drainages during reclamation would be minimized. The water available 
for treatment and beneficial use would decline toward the end of the project life, 
as the rate of discharge from wells decreases over time. Ranchers and surface 
owners that depended on the additional water supply to support beneficial use 
may need to consider alternative water supplies.  

Alternative 3 
The cumulative effects on surface drainages, springs, surface water bodies, and 
surface water use would be similar to those described under Alternative 1. How-
ever, the magnitude of effects would be reduced because of the decreased volume 
of CBM water that would be discharged to surface drainages and surface water 
impoundments throughout the area of cumulative effects. 
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Physiography, Geology, Paleontology and 
Mineral Resources 

Paleontology 
Paleontological resources are fragile and, once disturbed, lose much of their pre-
served information. Avoidance of significant sites is the preferred mitigation 
measure for adverse effects on paleontological resources. 

Within the Powder River Basin Project Area, the construction of oil and gas-
related facilities, including access roads, could adversely affect scientifically sig-
nificant fossils. The potential for impact to significant fossils is greatest in areas 
where Class 3, 4, or 5 formations are present. Both surface and subsurface fossils 
could be damaged or destroyed during ground-disturbing activities. The greatest 
potential impact to surface and subsurface fossils comes from excavations of sur-
face sediments and shallow bedrock. These types of excavations are commonly 
associated with well pad, pipeline, access road, and building construction. Drill-
ing may affect fossils, but because this impact is not visible, verifiable, or pre-
ventable, the impact to significant fossils posed by drilling is considered low. 

Across the Project Area, occurrences of surface fossils could be rejuvenated at 
previously collected fossil localities within as little time as 1 year. In addition, 
surface fossil concentrations could develop where no fossils were present before 
wherever fossiliferous rocks are exposed by erosion. 

During initial discussions with a CBM operator before an APD is submitted, the 
BLM, or FS where appropriate, will indicate whether proposed ground-disturbing 
activities may affect significant paleontological resources. Activities that may 
affect significant paleontological resources would require an assessment or sur-
vey to evaluate whether significant resources occur in the area of the proposed 
action, and whether the action would affect these resources.  

In most cases, given the small size bias of Wasatch Formation fossils in the PRB, 
individual construction sites should be able to be cleared of all significant fossils 
prior to construction. The discovery of significant paleontological resources dur-
ing a pre-construction survey would require mitigation of possible impacts to 
these resources before ground-disturbing activities begin. It is unlikely that any 
fossils discovered during pre-construction surveys or monitoring phases would 
delay construction.  

In addition to adverse impacts during construction, significant fossils may be-
come exposed during subsequent erosion of freshly excavated rocks at construc-
tion sites. In Class 3 or 5 formations, post-construction paleontologic inspections 
may be recommended, depending on the results of the pre-construction survey.  

APD conditions of approval include mitigation measures where necessary, and 
would require protection and prompt reporting of paleontological resources dis-
covered during post-construction activities. In that case, operations would be 
suspended until an evaluation of the discovery and mitigation are completed.  
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All facilities located on federal surface ownership lands would be considered 
federal undertakings, subject to federal guidelines and regulations protecting pa-
leontological resources. Where oil or gas development excludes federal leases or 
surface ownership lands, no federal permits are required to develop these lands, 
and protection measures for paleontological resources might not be mandated by 
the landowners or monitored as closely. 

Alternative 1 
Development of oil or gas resources on federal leases would be considered a fed-
eral undertaking, subject to federal guidelines and regulations protecting paleon-
tological resources. However, only a portion of the facilities associated with fee 
and state wells developed under Alternative 1 are likely to be located on federal 
surface ownership lands and would be considered federal undertakings. 

Surface disturbance associated with construction would increase the potential for 
paleontological resources to be affected. Only portions of the Project Area have 
been evaluated for the occurrence of paleontological resources. As a result, no 
accurate estimate can be made of the number of paleontological sites that may be 
affected based on the 156 localities that have been recorded. 

Surface disturbance typically associated with CBM development in the Project 
Area, that is, use of two-track roads and natural terrain without vegetation re-
moval and drill pads or pipelines requiring minimal cut-and-fill excavations, 
would limit the effect of ground-disturbing activities on subsurface paleontologi-
cal resources. Although paleontological resources contained in near-surface hori-
zons of soil and surficial deposits likely already have been disturbed by natural 
processes or human activity, there could be additional disturbance to paleon-
tological resources. Access across natural terrain without vegetation removal and 
limited use of shallow excavations likely would have minimal additional effect 
on these resources. Surface use and shallow excavations likely would have little 
or no effect on undisturbed paleontological resources occurring below the sur-
face. 

Where federal undertakings associated with oil or gas development are involved, 
potential effects on paleontological resources would be analyzed on a site-
specific basis, as needed, during review of APDs, Sundry Notices, ROWs, or 
Special Use Permits, and effects eliminated or minimized through the application 
of special conditions of approval for operations. Where direct effects cannot be 
avoided, an approved data recovery plan would be developed to mitigate the ad-
verse effects. 

The development of fee and state wells would not be considered federal under-
takings, and would not be subject to federal guidelines and regulations protecting 
paleontological resources. Unprotected paleontological resources potentially 
could be disturbed, damaged, destroyed, or removed from the site, losing much 
or all of their preserved scientific information. 

Alternative 2 
Effects on paleontological resources likely would be similar to Alternative 1. 



Chapter 4 — Environmental Consequences 

 4–127 PRB O & G FEIS 

Alternative 3 
Under Alternative 3, additional development of federal leases would not be au-
thorized once existing authorizations under the Wyodak CBM Project EIS and 
the Wyodak Drainage CBM EA have been exhausted. Oil or gas development of 
fee and state leases under Alternative 3 would involve far fewer federal undertak-
ings subject to federal guidelines and regulations protecting paleontological re-
sources than Alternatives 1 or 2. Consequently, the number of paleontological 
resources likely to be affected would be smaller. 

Only a portion of the facilities associated with fee and state wells developed un-
der Alternative 3 are likely to be located on federal surface ownership lands and 
would be considered federal undertakings. Where oil or gas development in-
volves federal surface ownership lands, effects on paleontological resources 
likely would be similar to Alternatives 1 and 2. 

The development of fee and state wells under Alternative 3 would not be consid-
ered a federal undertaking, and would not be subject to federal guidelines and 
regulations protecting paleontological resources. Unprotected paleontological 
resources potentially could be disturbed, damaged, destroyed, or removed, losing 
much or all of their preserved scientific information. 

Mineral and Energy Resources 

Alternative 1 
Methane would be produced from federal, state, and fee CBM wells drilled into 
underlying coal seams in the Project Area. Based on an average production rate 
of 160,000 cubic feet of CBM per well per day following initial dewatering, and 
an average of 400 million cubic feet of CBM available per well (De Bruin et al. 
2001), an estimated 16 trillion cubic feet of methane would be produced over the 
life of the CBM wells included in Alternative 1. Initial production rates during 
the first few years of production are expected to be higher and then steadily de-
cline during the rest of the well’s economic life. 

CBM development in the PRB has been concentrated on fee and state leases for 
several years, causing drainage of CBM resources from federal leases. Drainage 
of CBM resources from federal lease areas would continue to occur under Alter-
native 1, as development of federal leases likely would continue to lag behind the 
development of fee and state leases. CBM development on federal leases in some 
extensively drained areas may no longer be economically feasible. In addition, 
development of CBM in Montana may result in drainage to Wyoming lands by 
wells just across the state boundary. The BLM is continuing to analyze the ongo-
ing and anticipated levels of drainage within the Project Area and Wyoming 
BLM’s Reservoir Management Group would continue to work with BLM in 
Montana to address drainage of CBM across the state boundary. 

Oil and gas would be produced from non-CBM wells drilled into underlying geo-
logic formations or structures in the Project Area. This analysis used the follow-
ing assumptions made by the BLM (BLM 2001f) to estimate the anticipated pro-
duction of oil and gas from non-CBM wells. Based on a mix of oil and gas dis-
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coveries (80 percent of new fields discovered would contain oil and 20 percent of 
new fields discovered would contain gas), the expected success ratio for the 
3,200 new exploratory wells drilled (15 percent), the anticipated number of pro-
ductive wells (480), the average life of a productive well (15 years), average pro-
duction of 137,800 barrels of oil equivalent (BOE) over the life of each produc-
tive well, and the anticipated average size of new fields (five wells), an estimated 
66,144,000 BOE would be produced from the non-CBM wells included in Alter-
native 1. 

Past conflicts in the Project Area between CBM development and expanding sur-
face coal mining operations indicate potential new conflicts may arise. BLM 
stipulations mandating specific timing of activities or precluding CBM develop-
ment from some mine areas would be applied unless potential conflicts are re-
solved through sponsored cooperation among affected interests that would result 
in mutual agreements for affected areas. 

Development of CBM occurring upstream of nearby surface coal mines could 
affect coal mining. CBM produced water discharged upstream of mines could 
increase surface flows near coal operations or decrease the rate of groundwater 
withdrawals that currently accompany ongoing coal mining operations. Changed 
conditions could affect the design or permitting of coal mining operations and the 
mining schedule for specific areas. 

Sediment control structures located in the permit areas for coal mines likely 
would be affected by increased surface flows anticipated under Alternative 1. 
These structures have been designed to accommodate historical flow rates that do 
not include contributions from CBM generated flows. Some design aspects of 
mining operations may need to be changed. Any required revisions to approved 
mine plans would affect the operators and agencies involved in reviewing pro-
posed changes. Timeframes needed to change design aspects of mining opera-
tions may affect the timeframes for initiation of CBM discharges. CBM gener-
ated flows are not likely to be lower quality (that is, TDS is elevated over exist-
ing flows). The effects on the availability of groundwater for mining operations 
and the effects of increased surface flows on mine facilities could be mitigated on 
a site-specific basis through cooperative agreements among CBM developers and 
mine operators, as potential effects are identified. 

Water production rates, conveyance losses, water chemistry, and water handling 
methods and their effects have been estimated for sub-watersheds that contain 
surface coal mines. This additional discussion occurs in the section of this chap-
ter on Surface Water. The relative locations of sub-watersheds, surface coal 
mines, existing and projected CBM wells, and existing water wells are shown on 
Figure 2–1 to assist in this discussion. 

Although conflicts between CBM drilling and existing or potential surface coal 
mining may occur, the economic value of the coal resource would not be af-
fected. Development of CBM wells would be precluded in areas of active or im-
pending coal mining. In areas where coal mining occurred before CBM devel-
opment began, valuable CBM resources and royalties would not be recovered 
from the mined area. 
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Locating CBM wells in areas where future mining may take place would pre-
clude mining during the life of CBM wells located in the area proposed. Coal in 
these areas could be mined after CBM extraction is completed or terminated, or 
after an agreement is negotiated between the CBM developers and the coal mine 
operators. The effects on mining schedules could be mitigated on a site-specific 
basis through cooperative agreements among CBM developers and mine opera-
tors, as potential effects are identified. 

Subsurface uranium deposits located in the southwestern portion of the Project 
Area are associated with Wasatch Formation sandstones. Withdrawal of CBM 
and water from the stratigraphically lower Fort Union Formation would not be 
likely to include uranium-bearing waters unless poor well completion techniques 
were to result in incomplete isolation of the Wasatch and Fort Union aquifers. 
WOGCC requirements for well completion would eliminate the possibility that 
commingled groundwater from the Wasatch and Fort Union Formations would 
be withdrawn during CBM development.  

Development of CBM is not likely to affect the recovery of uranium resources 
from in situ (in place) subsurface leaching of sandstones. However, if infiltration 
of sulfate-rich water into mining areas were to occur, uranium might precipitate 
prematurely, decreasing recovery rates. Since water produced from Fort Union 
Formation coal beds is exclusively sodium bicarbonate-type water (Rice et al. 
2002), infiltration of sulfate-rich water would not be likely to occur during CBM 
development under Alternative 1. 

Interactions between development of CBM and subsurface uranium deposits 
would be analyzed on a site-specific basis at the APD or POD level of analysis, 
as APDs and PODs for federal CBM wells are reviewed by BLM, and the FS as 
appropriate. Site-specific mitigating measures relating to a specific CBM well or 
group of CBM wells will be developed based on that analysis. 

Development of CBM under Alternative 1 would not be likely to affect recovery 
of other mineral resources n the Project Area. Oil and gas have been produced 
from geologic formations occurring several thousand feet below the coal zone. 
Salable minerals, primarily clinker, sand, and gravel, are produced from surface 
deposits. Bentonite, high-calcium limestone, and gypsum occurring in rocks ex-
posed along the uplifted margins of the study, are stratigraphically below the 
geologic formations that may be affected by CBM development in the PRB. No 
other locatable mineral deposits are known to exist in the Project Area. Devel-
opment of existing mineral rights in the Project Area would be based on existing 
claims, lease terms, and agreements; future conflicts would be addressed on a 
case-by-case basis. 

Alternative 2 
Effects on mineral and energy resources would be similar to under Alternative 1. 

Alternative 3 
Effects on mineral and energy resources would be similar to Alternative 1; how-
ever, the exclusion of federal wells and the overall reduced number of CBM 
wells under Alternative 3 would result in some variations from the effects de-
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scribed under Alternative 1. The magnitude of the effects on mineral and energy 
resources under Alternative 3 likely would be reduced. Drainage of CBM re-
sources likely would be greater under Alternative 3, as more new drainage situa-
tions would be created by the exclusion of federal wells from projected activities. 

Geologic Hazards 
Potential effects, such as creating new geologic hazards, are not likely to occur. 
Some existing hazards, such as landslides, flooding, or gas migration and seepage 
could worsen unless adequate monitoring and mitigation are required. As part of 
the APD approval process for federal lease development, BLM, and FS when 
involved, require consideration of geologic hazards contained in all areas where 
ground-disturbing activity is proposed. APD conditions of approval would re-
quire mitigation of effects. 

All facilities located on federal surface ownership lands would be considered 
federal undertakings, subject to federal guidelines and regulations for environ-
mental protection. Where oil or gas development excludes federal leases or sur-
face ownership lands, no federal permits are required to develop these lands, and 
protection measures for geologic hazards might not be mandated by the land-
owners or monitored as closely. 

Alternative 1 

Earthquakes 
In portions of the Project Area where underground injection would be used as 
one of the methods of handling the water produced by CBM wells, no excessive 
buildup of rock pressure or fracturing of rocks that could cause an earthquake to 
occur would be anticipated during injection activities. Therefore, no earthquakes 
associated with underground injection would be expected to occur. Underground 
injection to dispose of produced water would be used in accordance with federal 
and state regulatory requirements. Injection wells would be authorized only 
where the injection zone is sufficiently porous and permeable that fluids could 
enter the rock formation without causing an excessive buildup of pressure or 
fracturing of rocks. 

Flooding 
Anticipated CBM flows could increase the frequency or magnitude of flooding 
anticipated in the Project Area. Minimization of flood hazards within the Project 
Area would depend on the use of mitigating measures to ensure adequate control 
of anticipated surface flows and design of impoundments. Comprehensive water 
management planning, including development and implementation of BMPs for 
discharge outfalls and water development structures, would mitigate the effects 
of anticipated CBM flows. However, lower than anticipated flood damage during 
an intense storm near Gillette in May 2000 demonstrated that management of 
existing CBM flows, including construction of many small reservoirs, reduced 
the severity of flooding in the Project Area in one case. 
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Landslides 
Surface disturbance could worsen existing and could create new landslide haz-
ards in the Project Area. Mass movements likely would increase within the Pro-
ject Area, damaging resources and property, unless disturbance to existing land-
slides and areas susceptible to movement, such as steep slopes or unstable soils, 
is avoided or mitigated during oil or gas development. Landslides could be trig-
gered during oil or gas development; however, design of operations to incorpo-
rate BMPs and mitigation measures that minimize landslide risks would reduce 
the potential for landslides to increase within the Project Area. 

Surface disturbance could cause or worsen the continuing migration of wind-
blown sand deposits along the southeastern and eastern margins of the PRB, 
unless disturbed areas are stabilized promptly with vegetative cover. Continuing 
migration of windblown deposits would contribute to soil loss, if existing soils 
were blown away with sands. Increased sedimentation in surface drainages also 
would result from the migration of sand deposits. 

Aquifer Compression and Ground Subsidence 
Development of CBM is not likely to cause noticeable ground subsidence or aq-
uifer compression in the Project Area. Where unconsolidated alluvial aquifers 
have collapsed in other geographic areas through dewatering, significant ground 
subsidence has occurred. However, the Fort Union Formation is a consolidated 
rock unit and is not as susceptible to aquifer compression or collapse as an un-
consolidated unit. In addition, based on its estimated storage coefficient and rec-
ognized depth from the surface to the coal zone aquifer where decline in the hy-
draulic head could occur, the Fort Union Formation could not be dewatered 
enough to cause noticeable ground subsidence. 

Case et al. (2000) describe the formula used to calculate the amount of aquifer 
compression that occurs when water is withdrawn from an aquifer. The change in 
aquifer thickness is equal to the storage coefficient times the change in head. The 
storage coefficient is measured through a pump test and the change in head is 
observed (or monitored) over time as declines in water level.  

The storage coefficient used by Case et al. (2000) for PRB producing coals and 
underlying sands (1.0 x 10-4), represents the best estimate available for the stor-
age coefficient applicable to the Fort Union Formation. Since the Big George 
coal zone occurs between 1,000 and 2,000 feet below the surface in the central 
portion of the PRB, a theoretical drawdown to the top of the Big George coal 
zone could be up to 2,000 feet in the central portion of the PRB. Applying the 
formula described above allows consideration of the largest aquifer compression 
theoretically possible in the central portion of the PRB. A decline in hydraulic 
head to the top of the Big George coal zone is not, however, projected in this 
analysis of the environmental effects under Alternative 1. 

Aquifer compression in the central portion of the PRB caused by withdrawal of 
fluid (CBM produced water) theoretically could be 2.4 inches, if the hydraulic 
head in the Fort Union Formation declined to the top of the Big George coal 
zone, although a decline of this magnitude is not projected under Alternative 1. 
The compressibility of an aquifer decreases with increasing depth (Edgar and 
Case 2000). Therefore, CBM development of deeper coals, such as the Big 
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George zone, likely would result in less actual aquifer compression than is calcu-
lated above. In addition, the entire aquifer compression likely would not be 
transmitted to the surface, so that no ground subsidence would be noticeable even 
under maximum theoretical drawdown. The effects of aquifer compression under 
Alternative 1 would be even less, and would not be noticeable. 

Gas Migration, Seepage, and Venting 
Limited information is available for use in characterizing methane mobility and 
anticipated movements in the PRB over time. As a result, methane seepage in the 
PRB has not been quantified in a model projection. Gas migration and seepage 
are naturally occurring processes where coal beds are extremely close to the sur-
face and can be enhanced during coal mining and CBM development. Gas migra-
tion and seepage would be most likely to occur near production areas along the 
coal outcrop. Gas migration and seepage also could occur within or near CBM 
production areas, where substantial dewatering has occurred or is occurring. 

Dewatering of the coal during development of CBM that lies beneath Gillette 
lowers the water table, which in turn, may allow gas to seep. Production of gas 
from CBM wells may help prevent or limit seepage, however (Flores et al. 2001). 
Production of CBM removes methane from the coal zone aquifer, making less 
methane available to migrate through underground faults, fractures, or sandstone 
layers or escape at the surface in seeps.  

Completion procedures for CBM wells are designed to direct methane toward the 
well bore and would not induce methane to migrate away from the well bore, 
toward existing water wells. Production of CBM is strictly controlled within cas-
ing that is cemented and is not likely to cause any release of methane into the 
groundwater. WOGCC and BLM requirements for well drilling and control pro-
cedures ensure that each formation remains as isolated as under natural condi-
tions and that the integrity of the well bore remains intact, eliminating the possi-
bility for methane migration in CBM wells. 

However, many existing non-CBM well bores likely do not effectively isolate the 
formations penetrated and may serve as conduits for the vertical migration of 
methane. Many older conventional oil and gas wells likely are inadequately cased 
or plugged, allowing methane, if present, to migrate. Migration of methane could 
be enhanced where these potential conduits are located near coal mining or CBM 
production areas. 

Methane could emerge from water wells near coal mining or CBM production 
areas, affecting stock and residential wells. Water wells frequently are screened 
over multiple aquifer zones, which would facilitate methane migration through 
the well bore. The migration of methane could be enhanced where water wells 
are located near coal mining or CBM production areas. 

Numerous boreholes drilled in the PRB to evaluate uranium potential were not 
properly plugged. Many boreholes of unknown origin also occur. Uncased bore-
holes and faulty well casing or plugging could allow methane, if present, to move 
through the formations penetrated. Migration of methane could be enhanced 
where these boreholes are located near coal mining or CBM production areas. 
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Other areas with potential for migration or seepage include areas where faults, 
fractures, or sandstone layers occur in an orientation that provides a conduit for 
methane movement. The migration of methane could be enhanced where sand-
stone layers are in contact with the coal zone, or faults and fractures extend from 
the coal zone into surrounding rocks. 

Methane seepage occurring within the active burn area of a coal fire may en-
hance the intensity of the combustion or prolong the burn. Alternatively, methane 
seepage might actually make a fire less intense because the methane would be 
competing with the coal for oxygen in a combustion setting. 

Methane would be controlled through BLM-mandated APD conditions of ap-
proval addressing well control, casing, ventilation, and plugging procedures ap-
propriate to site-specific CBM development plans. 

Spontaneous Combustion of Coal 
Development of CBM is not likely to increase the occurrence of coal fires in the 
Project Area. Most development of CBM in the Project Area, including most de-
velopment proposed under Alternative 1, is occurring or would occur under con-
fined conditions in the coal aquifer, which are not associated with spontaneous 
combustion of coals. The partial removal of water during development of CBM 
depressurizes the coal seam and reduces hydraulic head, but is not likely to leave 
the coal seam in a condition where oxygen would replace water and result in 
spontaneous combustion. Although the coals in the PRB contain reactive materi-
als required for combustion and fluctuations in the water table may release the 
heat of wetting, the supply of oxygen is not sufficient to support combustion 
(Coates and Heffern 1999). 

The coal zone contains less water along the margins of the PRB where surface 
coal mining and development of CBM are occurring and substantial dewatering 
has caused or is causing changes in the water table. However, the likelihood that 
the buried coal seam being developed for CBM would have any increased expo-
sure to oxygen or any increased risk of spontaneous combustion is remote. Al-
though clinker can be found as far as several hundred feet back into the hillside 
from where it is apparent at the surface (Heffern and Coates 1997), the supply of 
oxygen would not be sufficient to support combustion at vertical depths of 
350 feet and more below the surface where CBM is being developed. 

The conditions established and maintained in CBM wells during drilling and af-
ter well completion to meet health and safety requirements and optimize gas pro-
duction create unfavorable conditions for spontaneous combustion of coal. Well 
bore conditions are controlled to ensure airflow out of the well, to flush fines 
from the well, and to vent heat at the surface (Lyman and Volkmer 2001). 

Alternative 2 
Effects associated with geologic hazards likely would be similar to Alternative 1. 
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Alternative 3 
Under Alternative 3, additional development of federal leases (other than federal 
protective wells in drainage situations) would not be authorized once existing 
authorizations under the Wyodak CBM Project EIS and the Wyodak Drainage 
CBM EA have been exhausted. Effects associated with geologic hazards likely 
would be similar to those described under Alternative 1, although oil or gas de-
velopment of fee and state leases under Alternative 3 would involve far fewer 
federal undertakings than Alternatives 1 or 2, and less federal control of CBM 
development activities in geologic hazard areas. 

Soils 
Effects to soils would be primarily associated with the construction of roads, well 
pads, water pipelines, gas pipelines, water handling facilities, compressors, pro-
duction facilities, and electric lines. Disturbances related to the burial of pipelines 
and electric lines would not occur in the long term, because the trenches would 
be reclaimed when burial is complete. In addition, because most of each well pad 
would not be needed for production, most of the disturbance associated with the 
construction of well pads would be short term. 

Effects to soils result from the clearing vegetation; excavating, stockpiling, com-
pacting, and redistributing soils during construction and reclamation; and storing 
or discharging produced CBM water. Loss of vegetation would expose soils and 
could result in a loss of organic matter in the soil. Excavation for facility pads 
and roads could cause slope steepening in cut and fill areas, mixing of soil layers, 
and breakdown of the soil structure. Removal and stockpiling of soils for recla-
mation could result in mixing of soil profiles and a loss of soil structure. Com-
paction of the soil could decrease pore space and cause a loss of soil structure as 
well. Depending on the infiltration rates, storage or discharge of produced water 
could alter the physical and chemical properties of soils. All these effects could 
alter the soil’s resistance to water and wind erosion and response to reclamation. 

Although the discussions in this section are adequate for a general level of analy-
sis, they are insufficient for use in locating specific well pads, access roads, pipe-
lines, and other associated facilities. Site-specific analysis, typically conducted 
during the APD and NPDES permit process, would identify specific soil con-
cerns and appropriate mitigation measures. The Buffalo Field Office Coal Bed 
Methane Well APD and Project Planning Guide (October 2000) provides guide-
lines for this analysis. As a condition of approval, BLM has required companies 
to provide copies of water quality monitoring reports submitted to WDEQ. 

Alternative 1 
Overall, implementation of this alternative would disturb almost 202,400 acres of 
soils (193,589 acres for CBM facilities and 8,800 acres for non-CBM facilities), 
which is almost 2.6 percent of the Project Area. Almost 175,400 acres of soils 
would be affected in the short term to construct facilities to extract and transport 
CBM and non-CBM resources. Another 27,000 acres would be disturbed for the 
construction of facilities to handle produced water. In contrast, about 
93,400 acres of soils, or 1.2 percent of the Project Area, would be affected in the 
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long term for CBM and non-CBM facilities. These disturbances would occur on 
23 of the 59 soil series that exist in the Project Area. Only soils that would be 
disturbed by the alternatives are discussed in this analysis. Together, these soil 
series make up 75 percent of the Project Area. Table 4–14 shows the distribution 
of disturbances resulting from CBM and non-CBM facilities by sub-watershed 
and soil type, and Table 4–15 lists the disturbance for each type of hazard. 

Wind Erosion Hazard 
Wind erosion is a concern with soil series WY124, WY126, WY207, WY209, 
and WY211 located in central and western Converse County and extending from 
south of Gillette to the Montana-Wyoming state line in Campbell County (Figure 
4–43). These series all have one or more major constituent that is a fine sand or 
sandy loam that can easily be picked up and spread by wind (Appendix E). Ap-
proximately 21,482 acres of soils with high potential for wind erosion would be 
disturbed in the short term and 8,298 acres would be disturbed in the long term. 

Construction where vegetation is removed and the soil is exposed and broken up 
present the greatest threat to soils with potential for wind erosion. These activi-
ties include cut and fills associated with pad and roads, trenching for pipeline 
burial, and excavation for reservoirs. COAs would be followed to control wind 
erosion by limiting the removal of vegetation, avoiding construction on steep 
slopes and erosive areas, revegetation or covering any topsoil that was removed 
and stockpiled, surfacing roads and pads, and timely reclamation would minimize 
both short-term and long-term effects. 

Slope Hazards 
Although the Project Area contains a large range of slopes (Figure 3–8), all 
wells, roads and production facilities would be located on gentle to moderate 
slopes to minimize construction costs and erosion hazards. These locations would 
reduce the potential for water and wind erosion by reducing steep slopes and sur-
face disturbance associated with large cuts and fills. 

The slope ranges and figures used for this analysis are general, and some wells 
may be located on more severe slopes than currently are shown on Figure 3–8. 
Specific facility locations and roadways should be assessed for slope and any 
related erosion hazards and soil instabilities. Steep slopes should be avoided 
where possible, especially on soils that are susceptible to erosion. On gentle to 
moderate slopes, soil loss caused by wind and water erosion could be effectively 
controlled by following the COAs. 

Water Erosion Hazards 
Water erosion is a concern with soil series WY049, WY050, WY051, WY065, 
WY066, WY206, WY208, WY209, WY210 and WY211 located in eastern 
Sheridan County, northern and western Campbell County, throughout Converse 
County and in Johnson County along the Interstate 25 corridor to Buffalo, and 
along the Powder River (Figure 4–43). These series all include one or more ma-
jor constituents that have low permeability and high K-factors, making them sus-
ceptible to water erosion (Appendix E). Approximately 57,530 acres in the short 
term and 21,392 acres in the long term would be disturbed on soils with a high 
potential for water erosion. 
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Table 4–14 Disturbance of Soils by CBM and Non-CBM Facilities by Sub-watershed and Soil 
Series  

Disturbance1 (acres) 
Alternatives 1, 2A, 2B Alternative 3 

Sub-watershed Soil Series 
Short term Long term Short term Long term 

Antelope WY125 8 7 6 5 
 WY129 10,632 3,761 4,224 1,490 
 WY130 21,119 7,462 7,550 2,664 
 WY206 569 214 77 27 
 WY207 325 149 179 75 
 WY208 1,345 477 105 38 
 WY209 2,580 923 1,218 432 
 WY210 998 353 208 74 
 WY211 991 355 257 90 
 WY315 8 7 0 0 
 Total 38,576 13,709 13,823 4,895 
Clear Creek WY048 1,426 490 1,346 460 
 WY049 6,041 2,194 3,306 1,213 
 WY060 3 2 3 2 
 WY063 11 9 8 7 
 WY065 2,680 932 1,963 683 
 WY066 1,504 510 1,311 442 
 WYW 88 31 88 31 
 WY082 72 25 65 23 
 Total 11,825 4,195 8,088 2,861 
Crazy Woman Creek WY048 627 216 420 142 
 WY049 2,445 866 1,024 359 
 WY050 928 316 71 25 
 WY060 6 5 3 2 
 WY063 3 2 3 2 
 WY065 2,413 833 543 190 
 WY066 5 2 5 2 
 WY082 4,951 1,750 1,662 584 
 WY087 3 2 0 0 
 Total 11,379 3,991 3,729 1,306 
Dry Fork Cheyenne WY203 3 2 3 2 
 WY204 22 19 8 7 
 WY205 3 2 0 0 
 WY206 14 12 3 2 
 WY207 14 12 6 5 
 WY208 6 5 0 0 
 WY209 36 31 14 12 
 WY210 28 24 11 9 
 WY211 11 9 0 0 
 Total 135 115 44 38 
Lightning Creek WY204 25 21 17 14 
 WY209 74 63 36 31 
 WY210 19 16 14 12 
 WY211 17 14 3 2 
 Total 135 115 69 59 
Little Bighorn WY057 14 12 14 12 
 Total 14 12 14 12 
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Table 4–14 Disturbance of Soils by CBM and Non-CBM Facilities by Sub-watershed and Soil 
Series  

Disturbance1 (acres) 
Alternatives 1, 2A, 2B Alternative 3 

Sub-watershed Soil Series 
Short term Long term Short term Long term 

Little Missouri WY002 11 9 3 2 
 WY050 14 12 3 2 
 WY053 234 200 85 73 
 Total 259 221 91 78 
Little Powder WY002 22 19 6 5 
 WY042 6 5 6 5 
 WY043 8 7 0 0 
 WY044 6 5 3 2 
 WY045 47 40 19 16 
 WY046 39 33 22 19 
 WY047 259 221 146 125 
 WY050 2,723 1,517 792 433 
 WY053 1,469 1,255 564 482 
 WY124 1,012 483 406 196 
 WY125 3,637 1,317 1,255 450 
 WY126 5,321 1,919 3,564 1,294 
 WY127 2,044 1,150 880 428 
 Total 16,591 7,970 7,661 3,454 
Middle Fork Powder WY048 6 5 3 2 
 WY059 25 21 3 2 
 WY081 6 5 3 2 
 WY084 8 7 6 5 
 WY085 3 2 3 2 
 WY086 6 5 3 2 
 WY088 14 12 3 2 
 Total 66 56 22 19 
Middle North Platte Casper WY204 6 5 0 0 
 WY205 33 28 17 14 
 WY207 14 12 6 5 
 WY208 22 19 3 2 
 WY209 25 21 19 16 
 WY321 6 5 3 2 
 Total 105 89 47 40 
Middle Powder WY046 80 68 25 21 
 WY048 7 4 0 0 
 WY049 776 333 62 23 
 WY050 1,560 587 196 81 
 WY124 800 348 268 124 
 Total 3,224 1,340 550 249 
North Fork Powder WY059 3 2 0 0 
 Total 3 2 0 0 
Salt Creek WY050 668 238 315 112 
 WY082 438 145 231 77 
 WY085 6 5 0 0 
 WY086 33 28 11 9 
 WY208 6 5 0 0 
 WY211 8 7 0 0 
 WY315 3 2 3 2 
 WY317 8 7 6 5 
 Total 1,169 437 565 205 
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Table 4–14 Disturbance of Soils by CBM and Non-CBM Facilities by Sub-watershed and Soil 
Series  

Disturbance1 (acres) 
Alternatives 1, 2A, 2B Alternative 3 

Sub-watershed Soil Series 
Short term Long term Short term Long term 

South Fork Powder WY084 8 7 8 7 
 Total 8 7 8 7 
Upper Belle Fourche WY004 502 198 356 141 
 WY053 198 169 165 141 
 WY115 6 5 6 5 
 WY126 7,587 2,977 5,517 2,163 
 WY127 1,117 614 726 315 
 WY128 540 203 368 138 
 WY129 2,983 1,091 1,830 680 
 WY130 11,481 4,236 5,677 2,106 
 Total 24,414 9,492 14,645 5,689 
Upper Cheyenne WY004 8 7 8 7 
 WY115 11 9 0 0 
 WY127 11 9 0 0 
 WY129 2,977 1,135 1,350 522 
 WY130 157 62 77 31 
 WY206 23 16 0 0 
 Total 3,188 1,239 1,434 560 
Upper Powder River WY048 2,579 942 1,381 500 
 WY049 2,934 1,049 1,057 376 
 WY050 20,283 7,370 3,274 1,201 
 WY051 616 216 306 107 
 WY082 7,755 2,836 1,860 692 
 WY124 1,925 706 582 213 
 WY125 6,482 2,359 993 364 
 WY126 731 260 507 179 
 WY128 11,029 4,009 2,430 904 
 WY130 1,588 579 811 295 
 WY209 11 9 3 2 
 WY315 3 2 0 0 
 Total 55,938 20,338 13,204 4,834 
Upper Tongue River WY049 3,196 1,144 2,507 885 
 WY051 182 66 162 59 
 WY055 1,330 498 1,309 488 
 WY056 6 5 6 5 
 WY057 6 5 6 5 
 WY060 3 2 3 2 
 WY063 3 2 3 2 
 WY064 927 335 838 303 
 WY065 1,770 638 1,741 627 
 WY066 33 13 28 11 
 Total 7,455 2,708 6,600 2,388 
Total  174,481 66,036 70,594 26,693 
Note: 
1. Figures do not include the disturbances for water handling facilities or CMFs, which were not site-specifically located in the GIS database. 

These facilities would encompass 27,912 acres for Alternative 1, 37,166 acres for Alternative 2A, 33,556 acres for Alternative 2B, and 
12,039 acres for Alternative 3. 
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Table 4–15 Disturbance by Sub-watershed and Hazard  
  Disturbance1 (acres) 
  Alternative 1 Alternative 2A Alternative 2B 

Sub-watershed Hazard Short term Long term Short term Long term Short term Long term 
Antelope Wind Erosion 3,896 1,427 3,896 1,427 3,896 1,427 
 Water Erosion 6,483 2,322 6,483 2,322 6,483 2,322 
 Compaction 34,094 12,053 34,904 12,053 34,904 12,053 
 Salinity None None None None None None 
 Poor Revegetation 6,816 2,471 6,816 2,471 6,816 2,471 
 Prime Agricultural 26,367 9,364 26,367 9,364 26,367 9,364 
 
Clear Creek Wind Erosion None None None None None None 
 Water Erosion 10,234 3,639 10,234 3,639 10,234 3,639 
 Compaction 6,134 2,227 6,134 2,227 6,143 2,227 
 Salinity None None None None None None 
 Poor Revegetation 10,322 3,670 10,322 3,670 10,322 3,670 
 Prime Agricultural 11,660 4,129 11,660 4,129 11,660 4,129 
 
Crazy Woman Creek Wind Erosion None None None None None None 
 Water Erosion 5,786 2,015 5,786 2,015 5,786 2,015 
 Compaction 7,391 2,614 7,391 2,614 7,391 2,614 
 Salinity None None None None None None 
 Poor Revegetation 10,737 3,765 10,737 3,765 10,737 3,765 
 Prime Agricultural 5,485 1,915 5,485 1,915 5,485 1,915 
 
Dry Fork Cheyenne Wind Erosion 61 52 61 52 61 52 
 Water Erosion 95 81 95 81 95 81 
 Compaction 34 29 34 29 34 29 
 Salinity None None None None None None 
 Poor Revegetation 109 93 109 93 109 93 
 Prime Agricultural 84 72 84 72 84 72 
 
Lightning Creek Wind Erosion 91 77 92 77 91 77 
 Water Erosion 110 93 110 93 110 93 
 Compaction  19 16 19 16 19 16 
 Salinity None None None None None None 
 Poor Revegetation 110 93 110 93 110 939 
  Prime Agricultural 93 79 93 79 93 79 
 
Little Bighorn No Hazards No Hazards No Hazards No Hazards No Hazards No Hazards No Hazards 
 
Little Missouri Wind Erosion None None None None None None 
 Water Erosion 14 12 14 12 14 12 
 Compaction None None None None None None 
 Salinity None None None None None None 
 Poor Revegetation 14 12 14 12 14 12 
 Prime Agricultural None None None None None None 
 
Little Powder Wind Erosion 6,333 2,402 6,333 2,402 6,333 2,402 
 Water Erosion 2,723 1,517 2,723 1,517 2,723 1,517 
 Compaction 1,012 483 1,012 483 1,012 483 
 Salinity None None None None None None 
 Poor Revegetation 8,404 3,984 8,404 3,984 8,404 3,984 
 Prime Agricultural 6,333 2,402 6,333 2,402 6,333 2,402 
 
Middle Fork Powder Wind Erosion None None None None None None 
 Water Erosion None None None None None None 
 Compaction None None None None None None 
 Salinity None None None None None None 
 Poor Revegetation None None None None None None 
 Prime Agricultural 6 5 6 5 6 5 
 
Middle North Platte 
Casper Wind Erosion 39 33 39 33 39 33 
 Water Erosion 47  40 47  40 47  40 
 Compaction 22 19 22 19 22 19 
 Salinity None None None None None None 
 Poor Revegetation 61 52 61 52 61 52 
 Prime Agricultural 61 52 61 52 61 52 
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Table 4–15 Disturbance by Sub-watershed and Hazard  
  Disturbance1 (acres) 
  Alternative 1 Alternative 2A Alternative 2B 

Sub-watershed Hazard Short term Long term Short term Long term Short term Long term 
 
Middle Powder Wind Erosion 800 348 800 348 800 348 
 Water Erosion 2,336 920 2,336 920 2,336 920 
 Compaction 1,576 681 1,576 681 1,576 681 
 Salinity None None None None None None 
 Poor Revegetation 2,336 920 2,336 920 2,336 920 
 Prime Agricultural 1,583 685 1,583 685 1,583 685 
 
North Fork Powder No Hazards No Hazards No Hazards No Hazards No Hazards No Hazards No Hazards 
 
Salt Creek Wind Erosion 8 7 8 7 8 7 
 Water Erosion 682 250 682 250 682 250 
 Compaction 444 150 444 150 444 150 
 Salinity 8 7 8 7 8 7 
 Poor Revegetation 1,120 395 1,120 395 1,120 395 
 Prime Agricultural 14 12 14 12 14 12 
 
South Fork Powder No Hazards No Hazards No Hazards No Hazards No Hazards No Hazards No Hazards 
 
Upper Belle Fourche Wind Erosion 7,587 2,977 7,587 2,977 7,587 2,977 
 Water Erosion None None None None None None 
 Compaction 15,506 5,728 15,506 5,728 15,506 5,728 
 Salinity 508 203 508 203 508 203 
 Poor Revegetation 1,117 614 1,117 614 1,117 614 
 Prime Agricultural 19,570 7,411 19,570 7,411 192570 7,411 
 
Upper Cheyenne Wind Erosion None None None None None None 
 Water Erosion None None None None None None 
 Compaction 3,142 1,204 3,142 1,204 3,142 1,204 
 Salinity 19 16 19 16 19 16 
 Poor Revegetation 34 25 34 25 34 25 
 Prime Agricultural 165 69 165 69 165 69 
 
Upper Powder River Wind Erosion 2,667 975 2,667 975 2,667 975 
 Water Erosion 23,844 8,644 23,884 8,644 23,844 8,644 
 Compaction 25,847 9,395 25,847 9,395 25,847 9,395 
 Salinity 3 2 3 2 3 2 
 Poor Revegetation 37,465 13,623 37,465 13,623 37,465 13,623 
 Prime Agricultural 10,384 3,761 10,384 3,761 10,384 3,761 
 
Upper Tongue River Wind Erosion None None None None None None 
 Water Erosion 5,176 1,859 5,176 1,859 5,176 1,859 
 Compaction 4,305 1,545 4,305 1,545 4,305 1,545 
 Salinity 538 228 538 228 538 228 
 Poor Revegetation 4,994 1,793 4,994 1,793 4,994 1,793 
 Prime Agricultural 7,433 2,692 7,433 2,692 7,433 2,692 
Note: 
1. Figures do not include the disturbances for water handling facilities or CMFs, which were not site-specifically located in the GIS database. 

These facilities would encompass 27,912 acres for Alternative 1, 37,166 acres for Alternative 2A, 33,556 acres for Alternative 2B, and
12,039 acres for Alternative 3. 
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Figure 4–43 Soils and Existing and Proposed CBM Wells 
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Construction and operation could increase soil loss through water erosion. Re-
moval of vegetation for any activity exposes soils to increased water erosion. Ex-
cavation associated with construction of pads, roads and reservoirs could steepen 
slopes and break down soil aggregates, increasing runoff and gully formation. 
Pipeline trenches could change erosion patterns if soils settle in the backfilled 
trench after reclamation and form gullies. Compaction of the soils in pads, roads, 
and reservoirs could decrease infiltration, promoting high runoff. Any water han-
dling method that would release produced water to the surrounding area could 
increase water erosion. However, increased availability of water would also in-
crease vegetation, partially mitigating any erosive effects. 

The Revised Universal Soil Loss Equation (RUSLE) was used to compute soil 
loss caused by raindrop splash and runoff (Renard et al. 1997). Estimates were 
calculated using three conditions: (1) undisturbed (existing rangeland condition); 
(2) construction (during construction and before reclamation); and (3) reclaimed 
(1 year after reclamation, assuming 40 percent vegetative cover). The assumption 
of 40 percent vegetative cover 1 year after reclamation was based on information 
used for soil loss calculations on CBM projects in the region (BLM 1999a-d). To 
simplify calculations, all factors, except for K, were assumed to be consistent 
throughout the Project Area, even though soil loss would be variable. The highest 
and lowest K factors for the 23 disturbed soils were used to estimate the maxi-
mum and minimum soil loss in the Project Area. For the undisturbed condition, 
estimates of soil loss ranged from 0.1 to 0.6 tons/acre/year. During construction, 
estimates of soil loss ranged from 3.4 to 18.7 tons/acre/year. One year after rec-
lamation, estimates of soil loss ranged from 0.5 to 2.6 tons/acre/year. These cal-
culations were based on slopes 400 feet long with a gradient of 3 percent on un-
disturbed ground. 

RUSLE calculations were used to estimate increases in loss of soils on disturbed 
land because of overland flow. Water erosion in drainages downstream from 
CBM activities caused by runoff from the release of produced water could in-
crease but cannot be accurately predicted using RUSLE. A more detailed descrip-
tion of erosive effects to drainages is contained in the discussion of surface 
drainages in the section on surface water. 

Soil loss would likely increase substantially in the short term after disturbance 
until reclamation measures became effective in controlling runoff. In addition, 
soil loss during construction would exceed acceptable levels for all of the soil 
series disturbed in the Project Area (NRCS 1971 through 1997). These potential 
effects point to a need for adoption of COAs during the life of the project. 

Soil loss can be reduced substantially by avoiding highly erosive areas such as 
badlands, steep-walled drainages, blowout areas, and other areas subject to active 
headward erosion (BLM 1999d). Locating roads and pads in areas where cuts 
and fills would not be required, surfacing of roads and pads, installing drainage 
controls, and reseeding and installing water bars across reclaimed areas would 
also aid in reducing soil loss. Pipeline trenches should be mounded when back-
filled to prevent soil settling and forming gullies. Similar COAs have resulted in 
little accelerated erosion and a high level of reclamation success on the Marquiss 
Project, located south of Gillette (BLM 1999a). 
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Sedimentation 
Sedimentation in streams and rivers in the Project Area is an important result of 
soil loss, but cannot be adequately estimated simply by calculating soil loss. The 
movement of eroded soil materials to drainages can be blocked or facilitated by 
relief, climate, vegetation, and bedrock geology. As a result of these characteris-
tics, there is a large difference between soil loss and sediment flow. Sedimenta-
tion would be variable throughout the Project Area, but in drainage basins with 
areas of more than 100 square miles, generally only 10 percent of soil loss would 
remain in the water flow at the point of exit from the sub-watersheds (Blatt et al. 
1972). The remaining 90 percent would never reach flowing water or be depos-
ited in the streambeds of the watershed. Sedimentation in the affected sub-
watersheds also depends on the velocity of surface water flow and the volume of 
water in the stream channels. Discharge of CBM water would increase the natu-
ral flow rates and increase the volume of water in the stream channels, which 
would disperse eroded soil that has been deposited on streambeds, increasing the 
turbidity of the water and transporting sediment downstream. Predicted flow 
rates are discussed in the section on Surface Drainages of the Surface Water sec-
tion by the main drainage in each watershed (Tables 4–3 through 4–13). 

Government soil experts state that SAR values of only 13 or more cause poten-
tially irreversible changes to soil structure, especially in clayey soil types, that 
reduce permeability for infiltration of rainfall and surface water flows, restrict 
root growth, limit permeability of gases and moisture, and make tillage difficult 
(Seelig 2000; U.S. Salinity Laboratory Staff 1954). Approximately 50 percent of 
the predicted average sodium absorption ratios for the 10 affected sub-watersheds 
exceed 13, with the highest values predicted for the Clear Creek (29) and the Up-
per Tongue River (39) sub-watersheds (Tables 4–7 and 4–10). Reduced infiltra-
tion rates and the formation of an impermeable soil surface in areas high clay soil 
content over large expanses of uplands areas would greatly increase the contribu-
tion of surface runoff to already abnormal in-channel stream flows, thus exacer-
bating related effects previously mentioned in this section. Additional informa-
tion on the effects of an increased sodium absorption ratio on soils, agricultural 
crops, wetland and riparian vegetation, and native upland vegetation can be 
found in the corresponding sections. 

Sedimentation deposition could alter water quality and the fluvial characteristics 
of drainages in the Project Area and point to a need for COAs associated with 
water erosion to control sedimentation. Water in the drainages should be moni-
tored for high levels of TDS as well. The section on surface drainages also con-
tains information on the effects of sedimentation on drainages. 

Compaction/Shrink-Swell Potential 
Compaction and shrink-swell potential is a concern with soil series WY004, 
WY049, WY051, WY064, WY082, WY124, WY128, WY129, WY130, 
WY208, and WY210, located throughout Campbell and Converse counties and 
eastern Sheridan and Johnson counties (Figure 4–43). These series all include 
one or more major constituents that include very compactable clay loams (Ap-
pendix E). Approximately 99,504 acres in the short term and 36,144 acres in the 
long term would be disturbed on compactible soil. Clay grains are extremely 
small and can be forced so closely together that few pore spaces remain. Thus, 
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most air and water is pushed out of the soil and plant roots would be unable to 
penetrate the soil. The composition of the clay soils plays an even more impor-
tant role, however, in determining compaction and shrink-swell potential than 
can clay particle size. For example, the mudstones of the Wasatch and Fort Un-
ion formations contain montmorillonite (smectite or bentonite) and mixed-layer 
clays, which expand and contract depending on the introduction or deletion of 
oxygen and hydrogen (Devine 2002). Because of the absence of air and water 
and the difficulty of root growth, reclamation of a tightly compacted clay soil can 
be difficult. Compacted soils also have low permeability, and runoff is high, add-
ing to water erosion. 

Activity on well pads, production facilities and roads, and storage of water in 
reservoirs has the potential to compact soils. COAs would minimize both short- 
and long-term effects. Pad and road construction and traffic on highly compac-
table soils should be minimized wherever possible, and soils should be loosened 
for reseeding during reclamation. COAs to reduce water erosion should be em-
ployed on compactible soils in light of the high potential for runoff. 

Salinity 
Soil series WY004, WY115, WY316, WY317, and WY325 are listed by the 
NRCS’s Soil Surveys (NRCS 1971 through 1997) as high in salinity (Appendix 
E). Approximately 538 acres in the short term and 228 acres in the long term 
would be disturbed on this soil. This statement is misleading, as the salinity and 
sodicity of soils, like most chemical characteristics, are highly variable and can 
change drastically over a few feet. Any soil in the Project Area can be saline or 
sodic, depending on site-specific soil conditions, such as permeability, sodium 
content, clay content, the quality of nearby surface water, plant species, and 
drainage characteristics. Decisions on the locations of water disposal facilities 
that could affect soil salinity and other chemical levels should be based on these 
parameters. 

Because of the variable nature of produced water and differing characteristics of 
soils in the Project Area, water handling options could have significant effects on 
soils. Five water handling options are included under Alternative 1: injection; 
surface discharge (including infiltration and irrigation); infiltration reservoirs; 
containment reservoirs; and LAD. Injection would affect soils in the Project Area 
the least, and its effects would be similar to CBM well construction and produc-
tion. After injection, containment would introduce the least amount of produced 
water to the surrounding soils. These reservoirs could be lined with low-
permeability geotextiles, synthetic or clay liners, or compacted to prevent pro-
duced water from inundating the soils below. Because of the large size of the res-
ervoirs, compaction is the most reasonable method to reduce infiltration. Locat-
ing containment reservoirs on compactable soils where infiltration would be 
10 percent or less would also help to reduce effects on soils. Soils below these 
reservoirs would be affected by compaction and infiltration. COAs should be 
followed during construction of reservoirs to prevent erosion. Even with COAs, 
reclamation would be difficult based on the size of the area, the amount of soil 
moved, the concentrated compaction below the reservoir, and the material that 
would remain after the produced water has evaporated. Lining the infiltration 
reservoir could be followed by removing or covering the contained evaporite 
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with a medium suitable for plant growth and diversion of surface flow away from 
the solid waste. 

Surface discharge (including infiltration and irrigation), infiltration reservoirs, 
and LAD would introduce the most produced water to the surrounding soils. Be-
cause of the deleterious effect of water high in SAR on soil productivity and rec-
lamation potential, care should be taken that produced water is not discharged 
near or applied to highly saline soils. The sodium capacity of each soil should be 
known, application should be halted when capacity is reached, and the soil 
should be reclaimed. Halting the application of produced water to reclaim the soil 
would be much more difficult in the reservoirs than under LAD or surface dis-
charge. General Guidance for Land Application of CBM Produced Water should 
be followed to mitigate effects to soils (Appendix E). 

Suitability for irrigation depends on interaction of soil types, SAR values, salinity 
values, and crops grown. The decision to use produced water for irrigation should 
be made on a site-by-site basis. CBM produced water in the Project Area is ex-
pected to range in EC from 599 µS/cm to 3,129 µS/cm and SAR from 6.4 to 
38.7. Irrigation water, which would be a mix of both CBM produced water and 
current stream water, is expected to range from 537 µS/cm to 597 µS/cm for EC 
and 1.81 to 22.2 for SAR. The highest EC and SAR values would occur in the 
Salt Creek watershed (see the section on Surface Water). A portion of water used 
to irrigate soils for crop production must be used to leach salts in the soil water to 
below the rooting zone (typically 1 to 1.5 meters). The percentage of water used 
to leach soils in relation to the total amount of water applied for irrigation is re-
ferred to as the leaching fraction. The salinity of the irrigation water and the 
leaching factor together determine the effects of salinity in the soil water, which 
is the critical factor in the effects to crop yields. Irrigation with high-quality wa-
ter for a few years would result in buildup of salinity in soils with low permeabil-
ity and, thus, would restrict internal drainage. Water high in SAR can compound 
this effect by reducing further the infiltration and permeability of soils, limiting 
the ability to leach salts from the root zones (Munn 2002b). The salinity of the 
water in soil could eventually equilibrate with the salinity of the irrigation water 
as a result of continuous irrigation (EPA 2002b). 

Average values have been predicted in the section on Groundwater for the quality 
of the proposed discharges of CBM produced water in each of the 10 sub-
watersheds that would be affected by the project. Predicted average electrical 
conductivity values range from 599 µS/cm for the Upper Cheyenne River sub-
watershed to 3,129 µS/cm for the Crazy Woman River sub-watershed. Predicted 
SAR values range from 6.4 for the Upper Cheyenne River sub-watershed to 38.7 
for the Upper Tongue River Watershed. 

No numeric water quality standards are designated for SAR and salinity in the 
State of Wyoming. General SAR and salinity thresholds can, however, be esti-
mated for protection of irrigated soils or soils where land application of produced 
water is planned. These thresholds would be based on available information on 
the effects of high SAR and salinity on soil chemistry, soil structure, and pub-
lished SAR and TDS tolerance levels for various vegetative species. Estimated 
allowable SAR and salinity thresholds are complicated by the relationship be-
tween SAR and salinity and by the direct toxicity of sodium and salinity to cer-
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tain crops and native vegetation. For example, the effects of sodium-induced 
changes in soil structure caused by high SAR become less severe as the salinity 
level in soil water increases. Initially, these changes might promote the concept 
of artificially enhancing the salinity of irrigation water to counter CBM discharge 
water that is high in SAR; however, the effects of the increased salinity could in 
turn be toxic to the plants that grow in the soil. The sections on Land Use and 
Vegetation discuss the tolerance of native vegetation and agricultural crops to 
SAR and salinity. Soil type would also be factored into the establishment of SAR 
and salinity thresholds. Leaching is an important factor in reducing the effects of 
salinity on crop production, but soils high in clay are restricted in their perme-
ability and ability to be leached. Montmorillonite clays, which are common in the 
river basins that could be affected by CBM activity, are especially sensitive to the 
destructive effects on soil structure of high SAR. Direct toxicity of the sodium 
ion to certain plants is an additional factor that makes it necessary to establish 
upper limits to both SAR and salinity, creating paired SAR and salinity thresh-
olds (EPA 2002b). Table 4–16 shows guidelines that could be used for establish-
ing SAR and salinity (ECw) limits for irrigation water. The guidelines are based 
on a study of the quality of irrigation water by Hergert and Knudsen (1997). Sev-
eral other studies have approached the topic of setting EC and SAR limits for 
irrigation water, including studies by Ayers and Westcot (1985) and Horpestad 
(2001). 

Undesired consequences could also occur should produced water from CBM 
wells be discharged at points within closed basins. Water discharged within a 
closed basin would drain to the low point of the basin or playa. The sustained 
release of produced water from CBM wells could accumulate in closed basins as 
water is evaporated, leaving its dissolved minerals, such as sodium, behind as 
solids. In addition, regardless of the salinity levels in the inflows and playa soils, 
the long-term ponding of playa bottoms would alter the normally dry soil or 
playa bottom conditions and would result in changes in soil conditions (BLM 
1999c). 

 

Table 4–16 Guidelines for Determination of Water Quality Thresholds for Irrigation 

Salinity Hazard, ECw (millimhos/cm) 
Low, 
0.75 

Medium, 
0.75–1.50 

High, 
1.50–3.00 

Very High, 
>3.00 SAR 

Hazard SAR Ranges Expected Soil Permeability and Management 

Low < 6 < 6 < 4 < 2 No permeability problems expected. 

Medium 6 – 9 6 – 8 4 – 6 2 – 4 Usually no permeability problems expected except when 
soils are high in clay and ECw is high or very high. 

High 9 – 12 8 – 10 6 – 8 4 – 6 
Possible permeability problems. Can use on sandy soils 
if LR is met. May need soluble calcium added if silt 
loam or finer texture. Monitor by soil test. 

Very High >12 >10 >8 >6 

Serious permeability problems expected. Requires added 
soluble calcium or use only limited amounts as 
supplement to rain fall or good quality water. Monitor 
with soil test at the end of each season. 

Source: Adapted from Hergert, et al. 1997 
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The development of saline and wet soil could be minimized by avoiding dis-
charge in or upstream from areas where water could become concentrated in the 
soils or where soils are already saline. Even with these practices, water quality 
and soils in the Project Area should be monitored for high salinity and SAR lev-
els. 

Effects similar to those described in closed basins could occur in infiltration res-
ervoirs. Avoiding constructing infiltration reservoirs on highly saline areas would 
reduce the effects to soils. Locating reservoirs on areas where water could easily 
move through the soils, such as soils with low potential for compaction, high 
permeability, and porous bedrock, would reduce the potential for saturation of 
the soil. Another avoidance approach would either treat or amend the CBM water 
before it enters the infiltration reservoirs through dilution with precipitation water 
or the introduction of soluble sources of calcium (such as gypsum) or sulfuric 
acid (which reacts with the calcium carbonate already in the soil to form gyp-
sum). The first method of dilution is not reliable, especially given the prolonged 
and intermittent drought period common in this region, and the latter two meth-
ods increase the amount or solubility of soil-borne salts. 

Reclamation of saline soils can be difficult, and no method that works in all 
situations has yet been found. Possible methods include raising salt-resistant 
crops and repeatedly flooding the affected area with water low in SAR to remove 
salts from the rooting zone. The success of these methods would depend on soil 
types, salinity values, and drainage characteristics of the area. Leaching may only 
be effective for a short period, as diffusion of salts up through the profile would 
likely occur over time unless the salts were leached into shallow alluvial aquifers. 
The leaching of amendment salts such as gypsum or the increase in situ soil-
borne salts through acidification of the soil profile would increase loading of 
these constituents to surface and shallow ground water. It is possible to install 
perforated plastic pipe drains to facilitate removal of salinity from irrigated fields 
(Munn 2002a). 

Mitigation alternatives for sodic soil could include incorporation of soil amend-
ments, including various sources of soluble calcium, to reduce the potential for 
sodium ion toxicity on plant growth and mitigate the deterioration of soil struc-
ture caused by slaking and the swelling and dispersion of clays resulting from 
excess exchangeable sodium. Amendments could include one or more of the fol-
lowing commercially available materials: CaSO4 (gypsum), MgSO4, K2SO4, 
CaCl, MgCl, KCl, H2SO4 (sulfuric acid), elemental sulfur, organic matter (ma-
nure/alfalfa/Biosol), and N-pHuric. 

With the exception of sulfuric acid, all amendments could be broadcast by hand 
or by mechanical spreading. Sulfuric acid could be wet broadcast using appropri-
ate equipment. After the amendment has been applied, the area could be tilled to 
break up the surface of the soil and, at least partially, incorporate the amend-
ments. 

After the sulfuric acid amendments have been incorporated, the area should be 
left to react for at least 1 week. This amendment produces an exothermic chemi-
cal reaction in the soil. This dormant period would allow the soils to react with-
out chemically or thermally damaging the seed. After the reaction period, an ap-
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propriate seed mixture could be applied using a drill-seeder or by dry broadcast 
and light scarification. To revegetate the affected area, plant species with demon-
strated tolerances to sodium and salt or an enhanced ability to take up calcium 
should be selected and seeded. These steps should be followed by leaching with 
irrigation water according to predicated leaching requirements for the soil and 
known salt tolerances of the seeded species. 

The mitigation measures described above can be applied to rangeland or irrigated 
fields but are extremely limited by site-specific soil conditions, current precipita-
tion patterns, the cost of implementation, and the practicality of mechanization. 
Mitigation and monitoring would most likely be required for LAD facilities on a 
site-specific basis and would be described in detail in the monitoring plans at the 
permitting level of analysis for each proposed facility. 

Poor Revegetation Potential 
Poor revegetation potential is a concern with soil series WY049, WY050, 
WY065, WY066, WY082, WY125, WY127, WY206, WY207, WY208, 
WY209, WY210, and WY211 located in northern Campbell County, throughout 
Converse County, east of Interstate-25 in Sheridan County, and in Johnson 
County along the Interstate-25 corridor to Buffalo, and along the Powder River 
(Figure 4–43). These series all have capability classes indicating that the soil 
would respond poorly to reclamation (Appendix E). About 83,639 acres in the 
short term and 31,510 acres in the long term would be disturbed on soils with 
poor revegetation potential. 

All, hazards previously discussed have a potential effect on revegetation poten-
tial. Thus, COAs associated with all other categories in this section would aid in 
reclamation. Mixing of soil materials during excavation or compaction, espe-
cially in the soil series listed above, where one or two dominant soils have poor 
potential for revegetation could have an effect on reclamation and future produc-
tivity. The COAs do not mention avoiding soil mixing, but this mitigation meas-
ure is recommended by numerous soil surveys in the area. Soil series WY206 and 
WY211 should be avoided in areas where the soil is shallow or on steep slopes as 
all three major soil types in these series have poor revegetation potential. 

Prime Agricultural Soils 
Prime agricultural soils are found in soil series WY004, WY048, WY049, 
WY051, WY055, WY064, WY065, WY066, WY124, WY126, WY130, 
WY207, WY208, WY209, and WY210 located in central Campbell County, 
throughout Converse and Sheridan Counties, in Johnson County Interstate 25, 
and along the Powder River (Figure 4–43). These series all have one or more ma-
jor constituents identified by the Wyoming state office of the NRCS as Prime 
Agricultural Soils (Appendix E). About 89,238 acres in the short term and 32,643 
acres in the long term would be disturbed on Prime Agricultural soils. 

All hazards discussed previously have a potential effect on soil productivity. 
Thus, COAs associated with all other categories in this section would aid in rec-
lamation. Mixing of soils that are not prime agricultural soils with prime agricul-
tural soils during excavation or compaction could affect reclamation and future 
productivity. 
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Alternative 2 

Alternative 2A 
Implemenation of this alternative would disturb almost 212,000 acres of soils 
(202,843 acres for CBM facilities and 8,800 acres for non-CBM facilities), which 
would be 2.7 percent of the Project Area. Oil and gas facilities would disturb al-
most 175,400 acres and facilities to handle water produced from CBM wells 
would disturb 36,263 acres. Following reclamation of buried facilities and reduc-
tions of well pads and other facilities, 102,658 acres would be disturbed over the 
long term. This disturbance would include 95,138 acres for CBM facilities and 
7,520 acres for non-CBM facilities. 

Alternative 2A emphasizes the use of infiltration impoundments to dispose of 
CBM produced water. Surface discharge (and all associated treatments) would be 
decreased and LAD and containment reservoirs would be increased. The increase 
in disturbed acreage would correspond to not only a rise in soil loss, but to a 
change in the type of disturbance as well. 

Per acre, reservoirs require much more construction than surface discharge be-
cause of the amount of excavation. Reservoirs also cause much deeper soil dis-
turbance, increasing the chance for mixing of soil layers. Based on the amount of 
excavation and the depth of disturbance, construction of reservoirs would create 
larger stockpiles of soils, increasing the chance for wind and water erosion. A 
larger number of reservoirs would also increase compaction of the soils through 
construction and the weight of the water. Because water discharged to natural 
drainages would have a much higher infiltration rate than the infiltration and con-
tainment reservoirs, infiltration of produced water would be decreased under Al-
ternative 2A. Effects to soils downstream from the Project Area would probably 
be reduced along with a reduction in surface discharge. Increased LAD would 
increase the amount of infiltration, but this increase would be offset by a decrease 
in surface discharge. In all, Alternative 2A would reduce surface discharge and 
infiltration, but would increase the potential for wind and water erosion, soil mix-
ing, and compaction. 

Alternative 2B 
Implemenation of this alternative would disturb about 208,000 acres of soils 
(199,233 acres for CBM facilities and 8,800 acres for non-CBM facilities), which 
would be 2.6 percent of the Project Area. Oil and gas facilities would disturb al-
most 175,400 acres and facilities to handle water produced from CBM wells 
would disturb 32,653 acres. Following reclamation of buried facilities and reduc-
tions of well pads and other facilities, 99,048 acres would be disturbed over the 
long term. This disturbance would include 91,528 acres for CBM facilities and 
7,520 acres for non-CBM facilities. 

Alternative 3 
Implemenation of this alternative would disturb about 82,633 acres of soils 
(79,052 acres for CBM facilities and 3,581 acres for non-CBM facilities), which 
would be 1.0 percent of the Project Area. Oil and gas facilities would disturb al-
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most 71,000 acres and facilities to handle water produced from CBM wells 
would disturb 11,683 acres. Following reclamation of buried facilities and reduc-
tions of well pads and other facilities, 38,518 acres would be disturbed over the 
long term. This disturbance would include 35,458 acres for CBM facilities and 
3,060 acres for non-CBM facilities. 

Cumulative Effects 

Alternative 1 
By the end of 2001, approximately 12,024 CBM wells would have been drilled in 
the Project Area (Figure 4–43). Assuming that all of these wells would be com-
pleted and in production by the end of 2001, these wells and their associated fa-
cilities would disturb an estimated 35,725 acres in the long term. 

Because of the widespread nature of CBM development, concentrated impacts on 
soils are not likely, except at reservoirs, LAD sites, and pipeline routes. Other 
resources in the Project Area could be affected by the changes in soils as well. 
The large amounts of disturbed and stockpiled soils at reservoirs and LAD sites 
could affect air quality in the area through wind erosion. Additional wildlife and 
cattle usage around reservoirs would further disturb soils through increased travel 
and loss of vegetation cover. If trenches were allowed to gully, long pipelines 
could change drainage patterns in the sub-watersheds. Sedimentation from water 
erosion could change water quality and fluvial characteristics of streams and riv-
ers in the sub-watersheds of the Project Area. SAR in water in the sub-
watersheds could be altered by saline soils because disturbed soils with a conduc-
tivity of 16 mmhos/cm could release as much as 0.8 tons/acre/year of sodium 
(BLM 1999c). Soils in floodplains and streambeds may also be affected by pro-
duced water high in SAR and TDS. 

In 10 years, the long-term surface disturbances associated with reasonably fore-
seeable CBM and non-CBM projects may be 85,000 to 95,000 acres for Alterna-
tives 1, 2A, and 2B, and 35,500 acres for Alternative 3. Construction, such as 
excavation, compaction, and soil mixing, related to mining would affect soils in 
much the same way as activities related to CBM. In addition to oil and gas, ura-
nium, coal, sand, gravel, and scoria mining occur within the Project Area. 

Impacts to agriculture could occur because of the potential effects on prime agri-
cultural soils and water quality in the Project Area. CBM facilities should be lo-
cated with agricultural concerns in mind, and TDS and SAR should be moni-
tored, especially in water used for irrigation, livestock, and human consumption. 

Disturbance related to urban and residential areas and recreation may increase 
along with increased CBM activity. Recreation, such as hunting and off-roading, 
could increase with the proliferation of roads from CBM development. Although 
urban and residential development would likely follow COAs for mitigating ef-
fects to soils, recreationists may not. Traffic on CBM roads should be monitored 
to insure that unnecessary impacts to soils do not occur. 
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Alternative 2A 
The cumulative impacts of Alternative 2A are not expected to vary from those 
described for Alternative 1. 

Alternative 2B 
The cumulative impacts of Alternative 2B are not expected to vary from those 
described for Alternative 1. 

Alternative 3 
Because of the decreased amount of CBM activity under Alternative 3, all cumu-
lative impacts described for Alternative 1 are expected to decrease, except those 
related to mineral and energy resource projects. 

Landscape Processes 

Biodiversity 
Project activities that would occur under each alternative have the potential to 
affect biodiversity in the Project Area. The effects of the proposed project on 
some of the components of biodiversity, such as vegetation and land cover types, 
wetlands and riparian areas, terrestrial wildlife, aquatic wildlife, and threatened, 
endangered, and sensitive species, are discussed below. As indicated in each of 
the following sections, populations of species or groups of species would be af-
fected, but extirpation of species from the Project Area is not predicted. For this 
reason, species richness across the Project Area would not change. Species rich-
ness may be altered in certain areas of concentrated development if extirpation 
occurs on a local basis. Beyond species richness, patterns and evenness of species 
occurrence may change, as may dominant species. This effect is expected to be 
most noticeable at a local scale, but is not expected to result in substantial 
changes in biodiversity at a landscape or Project Area scale. Impacts from the 
proposed project would occur within “conservation sites” defined by the Nature 
Conservancy (1999) for the Northern Great Plains Steppe Ecoregion, but the ef-
fects could not be quantified because the boundaries of the sites are insufficiently 
defined. 

Habitat Fragmentation 
Construction and operation of project-related facilities would result in fragmenta-
tion of habitats in the Project Area. Fragmentation would occur through loss of 
narrow strips along roads and small patches at well pads and facility sites. The 
extent of this fragmentation is substantially different than the type that has been 
extensively studied in forested habitats because habitat loss would occur as nar-
row strips and small patches within a largely unaffected matrix as opposed to 
widespread habitat loss with a few, small remaining patches of unaffected habi-
tat. The effects of habitat fragmentation on individual species or groups of spe-
cies are discussed in the following sections. 
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Ecosystem Function 
One potential effect of all alternatives would be alteration of disturbance regimes, 
particularly fire and flooding. Fire regimes may change for several reasons. The 
frequency of fires may increase because of the greater amount of activity, espe-
cially along roads, in the Project Area. Greater activity would increase the poten-
tial for human-caused fires. However, expansion of the road network may in-
crease the ability for local fire departments to suppress fires, limiting the spread 
of fires in areas where access was previously limited. In addition, the increased 
resource values associated with oil and gas development may result in increased 
fire suppression to protect these resources. 

Flooding may also be affected by the proposed project. Increased base flows in 
streams from surface discharge would result in decreased channel capacity to 
accommodate flood flows. Increased base flows would also result in increased 
riparian and wetland areas, which have capacity to absorb and attenuate flood 
flows. Each of these changes in ecosystem processes would result in minor al-
terations to biodiversity and are not expected to substantially alter the form or 
function of ecosystems in the Project Area. 

Vegetation and Land Cover Types 
Direct effects to vegetation would occur from ground disturbance caused by con-
struction of well pads, compressor stations, ancillary facilities, associated pipe-
lines, and roads. Short-term effects would occur where vegetated areas are dis-
turbed but later reclaimed within 1 to 3 years of the initial disturbance. Long-
term effects would occur where well pads, compressor stations, roads, water-
handling facilities, or other semi-permanent facilities result in loss of vegetation 
and prevent reclamation for the life of the project. These areas would be re-
claimed during the abandonment phase. There would be some permanent loss of 
vegetation for roads and other facilities that are not reclaimed. 

Indirect effects to vegetation would occur as a result of project activities other 
than the direct disturbance or removal of vegetation. Possible indirect effects in-
clude: (1) an increase in the potential for the spread of noxious weeds and dis-
placement of native vegetation caused by the increased ground disturbance in the 
Project Area; (2) alteration of the distribution of types of vegetation caused by 
changes in volume and rate of surface water flows, particularly changes in stream 
flow from intermittent to perennial; (3) alteration of ecosystem biodiversity 
through changes in the composition, abundance, and distribution of plant species; 
and (4) changes in vegetation types that are important to wildlife species that de-
pend on these types as habitat. 

Alternative 1 

Direct Effects 
Under Alternative 1, direct disturbance would be the primary impact to vegeta-
tion resources in the Project Area. Implementation would disturb almost 
202,400 acres of vegetation in the Project Area (193,589 acres for CBM facilities 
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and 8,800 acres for non-CBM facilities), which would be 2.6 percent of the area. 
Approximately 175,400 acres would be directly disturbed in the short term to 
extract and transport CBM and non-CBM resources. Another 27,000 acres would 
be disturbed for the construction of facilities to handle water produced from 
CBM wells. Direct disturbance would occur across all surface ownership types in 
13 of the 14 vegetation types within the Project Area. The aspen vegetation type 
would not be disturbed (Table 4–17). Direct disturbance of vegetation also would 
occur in each of the 18 sub-watersheds (Table 4–18). 

Table 4–17 Short-term Vegetation Disturbance by Surface Owner — 
Alternatives 1, 2A, and 2B 

Disturbance1 (acres) 
BLM 

Vegetation Type 
BFO CFO FS State Private Total 

Agriculture 12 0 3 66 913 994 
Aspen 0 0 0 0 0 0 
Barren 187 0 3 150 1,555 1,895 
Coniferous Forest 91 0 25 65 520 701 
Forest Riparian 0 0 0 0 6 6 
Herbaceous Riparian 0 3 0 0 0 3 
Mixed Grass Prairie 1,159 6 154 1,981 15,891 19,191 
Other Shrubland 6 0 0 8 14 28 
Sagebrush Shrubland 4,902 11 2,528 3,011 43,174 53,626 
Shortgrass Prairie 12,325 17 4,213 5,400 72,423 94,378 
Shrubby Riparian 6 0 3 50 218 277 
Urban/Disturbed 0 0 0 0 3 3 
Water 0 0 0 4 160 164 
Wet Meadow 14 0 14 313 2,873 3,214 
Total 18,702 37 6,943 11,048 137,750 174,480 
Note: 
1. Figures do not include the disturbances for water handling facilities or CMFs (903 acres), which were not 

site-specifically located in the GIS database. 

 

The initial area disturbed during the construction phase is typically larger than is 
required for the operation phase. After each well and associated roads and other 
facilities are complete, portions of the disturbed areas would be reclaimed. Long-
term disturbance would occur in the same 13 vegetation types as would short-
term disturbance, but the total area that remained disturbed would be smaller. 
Over the long term, CBM and non-CBM facilities constructed under this alterna-
tive would affect about 93,400 acres of vegetation, or 1.2 percent of the Project 
Area. As projected, most of the disturbance would occur on private lands and 
involve shortgrass prairie and sagebrush shrublands (Table 4–19 and Table 4–
20). The areal extent of vegetation that would be permanently lost is not known 
at this time because the percentage of roads to be left unreclaimed is not yet 
known. Long-term disturbance would also occur in all 18 sub-watersheds, but 
again in lesser amounts. 
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Table 4–18 Short-term Vegetation Disturbance by Sub-watershed — Alternatives 1, 2A, and 2B 
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Little Bighorn River 0 0 0 0 0 0 11 0 3 0 0 0 0 0 14 
Upper Tongue River 345 0 63 5 0 0 3,305 0 1,151 1,143 146 0 0 1,292 7,450 
Middle Fork Powder River 0 0 0 6 3 0 11 16 11 19 0 0 0 0 66 
North Fork Powder River 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 
Upper Powder River 24 0 658 192 0 0 4,420 0 16,666 33,783 14 0 0 179 55,936 
South Fork Powder River 0 0 0 3 0 0 3 0 0 3 0 0 0 0 9 
Salt Creek 0 0 0 63 0 0 0 0 172 935 0 0 0 0 1,170 
Crazy Woman Creek 0 0 298 7 0 0 683 3 4,018 6,363 0 0 0 0 11,372 
Clear Creek 492 0 108 25 0 0 3,145 3 2,612 3,877 91 0 156 1,325 11,834 
Middle Powder River 12 0 19 91 0 0 631 0 977 1,452 3 0 0 39 3,224 
Little Powder River 36 0 175 253 0 0 3,564 0 7,119 5,230 17 0 0 196 16,590 
Little Missouri River 3 0 0 3 0 0 129 0 72 47 0 0 0 6 260 
Antelope Creek 51 0 131 28 0 0 393 0 9,113 28,858 0 0 0 0 38,574 
Dry Fork Cheyenne River 3 0 6 0 3 0 52 0 25 47 0 0 0 0 136 
Upper Cheyenne River 0 0 20 6 0 0 260 0 1,441 1,461 0 0 0 0 3,188 
Lightning Creek 3 0 3 0 0 0 58 6 52 14 0 0 0 0 136 
Upper Belle Fourche River 25 0 406 19 0 0 2,465 0 10,161 11,146 6 0 8 177 24,413 
Middle North Platte Casper 0 0 8 0 0 3 58 0 33 0 0 3 0 0 105 
Total 994 0 1,895 701 6 3 19,191 28 53,626 94,378 277 3 164 3,214 174,480 
Note: 
1. Figures do not include the disturbances for water handling facilities or CMFs (903 acres), which were not site-specifically located in the GIS database. 
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Table 4–19 Long-term Vegetation Disturbance by Surface Owner — Alternatives 1, 2A, and 2B 

Disturbance1 (acres) 
BLM 

Vegetation Type BFO CFO FS State Private Total 

Agriculture 7 0 0 25 336 368 
Aspen 0 0 0 0 0 0 
Barren 79 0 1 54 601 735 
Coniferous Forest 52 0 20 37 272 381 
Forest Riparian 0 0 0 0 5 5 
Herbaceous Riparian 0 2 0 0 0 2 
Mixed Grass Prairie 457 5 132 759 6,258 7,611 
Other Shrubland 5 0 0 7 12 24 
Sagebrush Shrubland 1,842 9 1,054 1,161 16,513 20,579 
Shortgrass Prairie 4,560 14 1,569 2,001 26,816 34,960 
Shrubby Riparian 4 0 2 20 83 109 
Urban/Disturbed 0 0 0 0 2 2 
Water 0 0 0 1 57 58 
Wet Meadow 6 0 12 114 1,072 1,204 
Total 7,012 30 2,790 4,179 52,027 66,038 
Note: 
1. Figures do not include the disturbances for water handling facilities or CMFs (363 acres), which were not site-specifically located in the GIS database. 
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Table 4–20 Long-Term Vegetation Disturbance by Sub-watershed — Alternatives 1, 2A, and 2B 
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Little Bighorn River 0 0 0 0 0 0 9 0 2 0 0 0 0 0 11 
Upper Tongue River 129 0 23 2 0 0 1,222 0 405 415 54 0 0 458 2,708 
Middle Fork Powder River 0 0 0 5 3 0 9 14 9 16 0 0 0 0 56 
North Fork Powder River 0 0 0 0 0 0 2 0 0 0 0 0 0 0 2 
Upper Powder River 12 0 243 70 0 0 1,600 0 6,052 12,290 5 0 0 67 20,339 
South Fork Powder River 0 0 0 2 0 0 2 0 0 2 0 0 0 0 6 
Salt Creek 0 0 0 24 0 0 0 0 74 340 0 0 0 0 438 
Crazy Woman Creek 0 0 97 4 0 0 238 3 1,412 2,236 0 0 0 0 3,990 
Clear Creek 176 0 39 11 0 0 1,123 2 945 1,337 32 0 55 476 4,196 
Middle Powder River 6 0 10 39 0 0 272 0 368 618 2 0 0 26 1,341 
Little Powder River 12 0 88 191 0 0 1,668 0 3,380 2,519 10 0 0 103 7,971 
Little Missouri River 2 0 0 2 0 0 110 0 61 40 0 0 0 5 220 
Antelope Creek 18 0 47 11 0 0 143 0 3,240 10,250 0 0 0 0 13,709 
Dry Fork Cheyenne River 2 0 5 0 2 0 45 0 21 40 0 0 0 0 115 
Upper Cheyenne River 0 0 8 4 0 0 93 0 564 571 0 0 0 0 1,240 
Lightning Creek 2 0 2 0 0 0 49 5 45 12 0 0 0 0 115 
Upper Belle Fourche River 9 0 166 16 0 0 977 0 3,973 4,274 6 0 3 69 9,493 
Middle North Platte Casper 0 0 7 0 0 2 49 0 28 0 0 2 0 0 88 
Total 368 0 735 381 5 2 7,611 24 20,579 34,960 109 2 58 1,204 66,038 

Note: 
1. Figures do not include the disturbances for water handling facilities or CMFs (363 acres), which were not site-specifically located in the GIS database. 
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Several options for handling CBM produced waters would be implemented and 
would result in short- and long-term disturbance to vegetation in the Project 
Area. Details of the water handling options are discussed in Chapter 2. Water 
handling would directly disturb vegetation in 10 of the 18 sub-watersheds within 
the Project Area (Table 2–6 and Table 2–7). The total amount of vegetation dis-
turbed as a result of water handling methods (27,009 acres) for Alternative 1 
would be more than that for Alternative 3 because of the greater number of wells, 
but less than for both Alternatives 2A and 2B, where the same number of wells 
would be drilled but different water handling methods would be used. 

Indirect Effects 
Implementation of Alternative 1 would cause indirect effects to vegetation types 
within the Project Area. After the life of the project, most facilities would be re-
moved and the disturbed areas would be reclaimed and returned to pre-project 
uses. This restoration would typically include replacing salvaged topsoil, re-
grading where necessary, reseeding disturbed areas, and controlling noxious 
weeds. Reclamation of all native vegetation types present in the Project Area, 
particularly sagebrush shrublands, would be difficult to achieve. Efforts would be 
continued until reclamation is successful. Replacement of pre-disturbance vege-
tation communities could be a long-term effort because of the difficulty in repli-
cating native plant communities. Forested areas, shrublands, and even native 
grasslands would remain in a low-diversity state for an extended period (years to 
decades) until recruitment of natural plant species re-establishes the pre-
disturbance level of diversity. 

Perhaps the greatest potential effect of the development of CBM on vegetation in 
the PRB is the potential import and spread of noxious weeds around project fa-
cilities. BLM’s primary mission is to sustain the health, diversity, and productiv-
ity of the public lands for the use and enjoyment of present and future genera-
tions (BLM 2000c). One sub-category of this mission calls for BLM to restore 
and maintain the health of the land. As stated in BLM’s document Partners 
Against Weeds, one of the greatest obstacles to maintaining healthy ecosystems 
and restoring impaired ecosystems is the rapid expansion of noxious weeds be-
cause these invasive plants can dominate many sites and often cause permanent 
damage to plant communities (BLM 1996b). 

Executive Order 13112 on Invasive Species, issued by the President in February 
1999, established the National Invasive Species Council (NISC). Besides pro-
moting multi-jurisdictional cooperation among federal, state, local, and tribal 
authorities, Executive Order 13112 directed the NISC to provide guidance on 
invasive species for federal agencies to use in implementing NEPA and to pre-
pare and issue a National Invasive Species Management Plan. The National Inva-
sive Species Management Plan, published in October 2001, provides for the na-
tion an action plan composed of the following topics: leadership and coordina-
tion; prevention; early detection and rapid response; control and management; 
restoration; international cooperation; research; information management; and 
education and public awareness. Although each of these topics pertains in some 
degree to the management of invasive species within the Project Area, of particu-
lar concern are strategies set forth in the prevention, early detection and rapid 
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response, control and management, restoration, and education and public aware-
ness sections. 

The first line of defense and the most cost-effective strategy against invasive spe-
cies over the long-term is preventing them from becoming established. A critical 
component of the prevention strategy is the management of pathways to hinder 
the introduction and spread of invasive species. Common pathways for dispersal 
of seed include personnel and vehicle travel, sources of gravel and fill, and 
sources of seed. Management of pathways is the most efficient way to address 
unintentional introductions (NISC 2001). 

When prevention strategies fail to stop establishment of noxious weeds, early 
detection of invasions and quick and coordinated responses are needed to eradi-
cate or contain invasive species before they become so widespread that control 
becomes technically and financially impossible (NISC 2001). Effective control 
and management strategies to prevent spread or lessen effects should be imple-
mented in areas where noxious weeds are currently established. Control and 
management of invasive species populations are accomplished using an inte-
grated pest management (IPM) approach, which may include strategies for eradi-
cation, population suppression, or limiting dispersal of an invasive species within 
a local area. Selection of an IPM strategy for any particular area depends on the 
species targeted and known environmental effects of available control methods. 
Methods of control may include cultural practices such as revegetation plans or 
grazing management; physical restraints, including fences and sanitation of 
equipment (washing vehicles and removing seed from clothing); removal mecha-
nisms, such as hand-removal or burning; application of chemical or biopesti-
cides; and release of selective biological control agents. Effective application of 
IPM often requires coordination of multiple control methods. 

Restoration of disturbed areas is an integral component of comprehensive pre-
vention and control programs implemented to keep invasive species from causing 
greater environmental disturbances (NISC 2001). Construction among severe 
infestations of noxious weeds may require implementation of IPM strategies that 
focus on eradication or suppression to inhibit the proliferation of targeted species. 
Education and outreach programs for all personnel engaged in development of oil 
and gas constitute an important line of defense for prevention and control of in-
vasive species. Local weed and pest control districts should be consulted during 
the development of IPM strategies and education programs. 

Infestations of noxious weeds cause many negative effects on resources in any 
given area. Once weeds are introduced into an area, they commonly invade the 
most productive sites, such as riparian areas and sites with deep, fertile soil. In-
festations commonly reduce and sometimes drastically reduce the carrying ca-
pacity for livestock. Monocultural stands of one species of weed disrupt the 
multi-storied structure typical of native plant communities, leading to a reduction 
or possible elimination of use by wildlife. Recreationists, such as hikers or hunt-
ers, may avoid areas of noxious weed infestations for a variety of reasons, includ-
ing lack of scenic beauty or wildlife or the difficulty associated with negotiating 
areas covered with stickers or burs. 
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One of the primary mechanisms for dispersal of the seed of noxious weeds is mo-
tor vehicles. Historically, recreational vehicles (motorcycles, ATVs and four-
wheel drive vehicles) have been a main culprit in the spread of undesirable seed. 
When vehicles are driven through weed-infested areas, seed may become lodged 
in tire treads or in any of the multiple available crevices in the undercarriage, or 
may stick to vehicles with splattered mud. Seeds may be transported for hundreds 
of miles before they become dislodged (BLM 1996a). For this reason, vehicles 
that traverse any portion of the Project Area become a potential vector for further 
infestations of noxious weeds. Companies operating in areas identified with in-
festations of weeds would be required to submit an IPM before approval of their 
APDs. If Companies are operating in areas with known infestations of noxious 
weeds, they may be required to wash their vehicles upon leaving those areas. 
People who have collected seeds on their clothes or boots after walking through 
weeds should remove the seed before they travel to a new area. 

Noxious weeds have the ability to displace native vegetation and hinder reclama-
tion efforts. Minimizing establishment and spread of unwanted invasive species 
on or near disturbed areas is of critical importance after reclamation efforts have 
begun. Effective reclamation of disturbed sites is best achieved when natural 
vegetative succession develops unimpeded by invasion of undesirable plant spe-
cies. When areas surrounding disturbed sites are infested with noxious weeds, 
desirable species, such as in an approved seed mix or pioneer species surround-
ing the site, are not able to compete, which disrupts the successional balance nec-
essary for restoration of the native plant community. 

Education of employees working in the region on the proper methods of avoiding 
seed dispersal is probably one of the most cost-effective methods of controlling 
the spread of noxious weeds. Many species of noxious weeds are being managed 
with biological control agents. Numerous state and federal laws regulate the dis-
tribution of noxious weed seed in any seed mix available to the public. As long as 
seed intended for reclamation is bought from a distributed certified by the State 
of Wyoming, the potential for introduction of noxious weeds through seed mixes 
is minimal. Other factors that can minimize the spread of noxious weeds include 
inspection of sources of rock and gravel before they are purchased and applied to 
roads, well-pads, or compressor stations. Application of herbicides should be 
considered when all other options have been exhausted or logically eliminated. 
County weed and pest control districts should be consulted for advice on effec-
tive methods of noxious weed control. If weed mitigation and preventative pro-
cedures were applied to all construction and reclamation practices, the impact of 
noxious weeds would be minimized. 

Disturbances associated with construction of well pads, compressor stations, 
roads, reservoirs, and other facilities would provide opportunities for the invasion 
and establishment of noxious weeds. The extent of these invasions is difficult to 
predict and would be influenced by many factors, including the areal extent of 
disturbance, the extent of existing weed infestations that would provide a source 
of seed, movement of equipment from areas infested with weeds to areas that are 
not yet infested, the effectiveness of mitigation measures designed to prevent 
infestations of noxious weeds, and the time lag between the end of disturbance 
and the successful completion of reclamation. 
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Surface discharge of produced water from CBM wells has the potential to alter 
vegetation patterns in areas downstream of discharge points. The increased avail-
ability of water along normally dry stream channels could cause an increase in 
the extent of riparian and wetland vegetation and a corresponding decrease in 
upland vegetation that formerly occupied these areas. This shift in vegetation 
types would provide another type of disturbance that could be exploited by nox-
ious weeds. The extent of these changes depends on the locations chosen for dis-
charge points and on the existing vegetation downstream. 

Another potential indirect effect on vegetation resources in the Project Area 
would be increases in levels of water and rates of flow through stream corridors. 
This effect is discussed in detail in the section on Wetlands/Riparian Areas. 
Vegetation communities at particular risk of alteration as a result of rising stream 
levels are shrublands along the upland border of riparian areas. Two species that 
display intolerance to inundation of root-zones are Wyoming big sagebrush and 
rabbitbrush. The vigor of big sagebrush is reduced in response to short periods of 
surface flooding and flooding for a period of 21 to 28 days can result in complete 
mortality of big sagebrush (Ganskopp 1986). The same study concluded that rab-
bitbrush experienced complete mortality after 28 to 35 days of inundation. 
Greasewood showed more tolerance to flooding, enduring 40 to 42 days of flood-
ing before any visible effects were detected and 60 days of continual flooding 
before any wilting appeared. A die-off of shrubs along the edges of riparian areas 
would likely occur long before riparian species would be able to migrate laterally 
and take advantage of the open space with high availability of water. Instead, an 
area perfectly suited for invasion of noxious weeds would develop. Areas where 
species mortality occurs should be actively seeded with desirable species before 
noxious weeds invade. 

Changes in the salinity of water pose another indirect effect to vegetation re-
sources within the Project Area. Vegetation communities develop in association 
with certain environmental conditions, such as types of soil present and availabil-
ity of water. Some of the water produced by CBM wells and discharged using the 
various water-handling methods would alter the concentration of salt in water 
available to plants. Damage to plants is likely when severe fluctuations in the 
availability of nutrients occur. For example, high concentrations of calcium ions 
in the soil solution often prevent plants from absorbing potassium efficiently 
(Bernstein 1964). Increases in salinity may favor the establishment of noxious 
weeds. Shafroth (1995) has shown saltcedar to be less susceptible than Fremont 
cottonwood to many of the negative effects of higher salinities. It is likely that 
higher salinity in soil along many stream and river channels has favored the es-
tablishment of saltcedar over cottonwood, a possible explanation for the increase 
of saltcedar along most of the major drainages within the Project Area. 

Other than the alteration of vegetation along drainages, other changes in vegeta-
tion patterns may occur. Large, contiguous stands of vegetation could be frag-
mented by construction of well pads, roads, pipeline corridors, and other facili-
ties. Disturbance followed by reclamation would alter the composition of species 
in reclaimed areas relative to undisturbed areas by replacing diverse native com-
munities with communities consisting of a few favored reclamation species. 
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The application of water at LAD sites would increase ground cover and produc-
tivity and alter species composition, providing a potential opportunity for aggres-
sive species, including noxious weeds, to establish. Application of water at LAD 
sites would reduce the presence of certain plant species that are not tolerant of 
irrigation, such as sagebrush, while favoring species that are capable of exploit-
ing the increased amount of water that would be available. The introduction of 
salts in produced water at LAD sites could alter soil chemistry and affect both the 
composition of plant species and production of biomass. Excessive build-up of 
salt in soils could result in decreases in productivity and loss of native species 
that are sensitive to high concentrations of salt. Soil chemistry would be moni-
tored during the life of the project and mitigation measures would be applied to 
reduce these impacts. Use of a rest-rotation system of water application and the 
use of soil amendments to reduce concentrations of salt are two possible mitiga-
tion measures. These measures would be developed on a site-specific basis, tak-
ing into account local properties of soil, species of plants present, the particular 
salts or other contaminants that are causing problems, and the objectives of the 
managing agency or surface owner. 

The long-term effect of these shifts in vegetation patterns would be a reduction in 
biodiversity within and near disturbed areas. Where native vegetation provides an 
essential component of habitats for wildlife, such as the requirement of sage 
grouse for large, healthy stands of sagebrush, these shifts in vegetation patterns 
would result in decreased quality of habitats for wildlife. Some of these changes 
in vegetation could occur in areas that have been specifically identified as impor-
tant to the conservation of biological diversity. The alteration and potential loss 
of biodiversity associated with project-related activities is difficult to quantify, 
but is not expected to have any obvious effect on biodiversity in the Project Area 
as a whole. Even if diversity of all species of plants in the entire disturbed area 
were to be reduced to some rudimentary level, only a small percentage of the 
landscape in each sub-watershed would be affected. The remaining undisturbed 
vegetation would retain a level of biodiversity essentially equivalent to pre-
project conditions. 

Alternatives 2A and 2B 

Direct Effects 
Under Alternative 2A and 2B, the numbers and locations of new CBM and con-
ventional wells would be identical to Alternative 1. However, Alternatives 2A 
and 2B differ in the water handling facilities and their associated disturbances. 
Facilities to handle produced CBM water would disturb 36,263 acres under Al-
ternative 2A and 32,653 acres under Alternative 2B. All disturbances associated 
with Alternative 2A and Alternative 2B would occur in the same vegetation 
types, land ownerships, and sub-watersheds as Alternative 1. Thus, the distribu-
tions of short-term disturbances to vegetation shown on Table 4–17 and Table 4–
18 and the long-term disturbances shown on Table 4–19 and Table 4–20 also 
would apply to Alternatives 2A and 2B. Overall, Alternative 2A would disturb 
211,643 acres of vegetation in the short term and 102,658 acres over the long 
term. In contrast, Alternative 2B would disturb 102,658 acres of vegetation in the 
short term and 99,048 acres over the long term. 



Chapter 4 — Environmental Consequences 

 4–163 PRB O & G FEIS 

As suggested above, the primary difference between Alternative 1 and Alterna-
tives 2A and 2B, in terms of direct disturbance of vegetation, is the relative pro-
portion of disturbance caused by the different types of facilities for handling pro-
duced CBM water. The total amounts of vegetation disturbed by facilities for 
handling produced water for Alternative 2A and 2B are more than that for Alter-
native 1 because both alternatives would involve construction of a larger number 
of impoundments, which would result in greater surface disturbance. Total dis-
turbances for Alternatives 1, 2A, and 2B are greater than for Alternative 3 be-
cause that alternative involves many fewer new wells. 

Indirect Effects 
Indirect effects to vegetation as a result of Alternatives 2A and 2B would be 
similar to Alternative 1. Disturbances associated with construction of well pads, 
compressor stations, roads, reservoirs, and other facilities would provide oppor-
tunities for the invasion and establishment of noxious weeds. The increased 
availability of water at LAD sites would increase ground cover and alter the spe-
cies composition by providing an opportunity for aggressive species, including 
noxious weeds, to establish. 

Surface discharge of produced water from CBM wells has the potential to alter 
vegetation patterns in areas downstream of discharge points. This shift in vegeta-
tion types would provide another type of disturbance that could be exploited by 
noxious weed species. Disturbance followed by reclamation would alter the spe-
cies composition of reclaimed areas. The long-term effect of these shifts in vege-
tation patterns would be a reduction in biodiversity within and adjacent to dis-
turbed areas. The differences between the two water-handling scenarios in terms 
of indirect impacts are expected to be in proportion to the differences in direct 
impacts. 

Alternative 3 

Direct Effects 
Implementation of Alternative 3 would disturb more than 82,600 acres of vegeta-
tion (79,052 acres for CBM facilities and 3,581 acres for non-CBM facilities), 
which is 1 percent of the Project Area. Almost 71,000 acres of vegetation would 
be disturbed in the short term to construct facilities to extract and transport CBM 
and non-CBM resources. Another 11,683 acres would be disturbed for the con-
struction of facilities to handle produced water. 

The disturbances projected under this alternative would involve 12 of the 14 
vegetation types identified in the Project Area and would occur primarily on state 
and private property (Table 4–21 and Table 4–22). The aspen and herbaceous 
riparian vegetation types would not be disturbed. Direct disturbance of vegetation 
would occur in 17 of the 18 sub-watersheds within the Project (Table 4–22). The 
only sub-watershed that would not be affected would be the North Fork Powder 
River. 

In contrast, more than 38,500 acres of vegetation, or 0.5 percent of the Project 
Area, would be affected over the long term for CBM and non-CBM facilities. As 
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with the short-term disturbances, the long-term disturbances projected under this 
alternative would involve 12 of the 14 vegetation types identified in the Project 
Area and would occur primarily on state and private property (Table 4–23 and 
Table 4–24). Although at least some of 12 vegetation types would be disturbed, 
most of the long-term disturbance would involve the prairie grassland and sage-
brush shrubland types. Disturbances associated with the facilities for handling 
produced CBM water also would encompass almost 11,700 acres over the long 
term. 

Indirect Effects 
Implementation of Alternative 3 would result in lower potential for the occur-
rence of indirect effects to vegetation types within the Project Area than Alterna-
tives 1, 2A, or 2B because of the reduced number of wells, roads, ancillary facili-
ties, pipelines, and water handling facilities. After the life of the project, most 
roads and facilities would be removed and the disturbed areas would be re-
claimed and returned to pre-project uses. 

Surface discharge of produced water from CBM wells has the potential to alter 
vegetation patterns in areas downstream of discharge points. This shift in vegeta-
tion types would provide another type of disturbance that could be exploited by 
noxious weed species. Disturbance followed by reclamation would alter the spe-
cies composition of reclaimed areas. The long-term effect of these shifts in vege-
tation patterns would be a reduction in biodiversity within and adjacent to dis-
turbed areas. This effect would be less for Alternative 3 than for Alternatives 1, 
2A, and 2B. 

Cumulative Effects 
Implementation of each of the alternatives would contribute to cumulative effects 
to vegetation in the Project Area. Cumulative short- and long-term disturbance to 
vegetation by alternative for each surface owner is shown in Table 4–25. Cumu-
lative short- and long-term disturbance to vegetation by alternative for each sub-
watershed is shown in Table 4–26. Included in Table 4–25 and Table 4–26 are 
the cumulative direct effects of oil and gas (both conventional and CBM) devel-
opment, including projected effects of CBM development on private surface 
lands with private mineral ownership. The data for Alternative 3 do not include 
potential new federal wells that would be developed in response to drainage 
caused by production on adjacent state or fee minerals. Additional oil and gas 
development (both conventional and CBM) may occur later beyond the level 
considered in this analysis. Other activities that would contribute to cumulative 
effects on vegetation in the Project Area include mining for coal, uranium; sand, 
gravel, and scoria; ranching; agriculture; construction of new roads and railroads; 
and the development of new rural and urban housing. 

Cumulative short- and long-term disturbance to vegetation by alternative for 
vegetation type is shown in Table 4–27. Included in Table 4–27 are the cumula-
tive direct effects of oil and gas (both conventional and CBM) development, in-
cluding projected effects of CBM development of private surface lands with pri-
vate mineral ownership. 
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Table 4–21 Short-term Vegetation Disturbance by Surface Owner — Alternative 3 

Disturbance1 (acres) 
BLM 

Vegetation Type BFO CFO FS State Private Total 

Agriculture 0 0 0 66 871 937 
Aspen 0 0 0 0 0 0 
Barren 0 0 0 150 668 818 
Coniferous Forest 0 0 6 65 113 184 
Forest Riparian 0 0 0 0 6 6 
Herbaceous Riparian 0 0 0 0 0 0 
Mixed Grass Prairie 0 0 11 1,968 9,345 11,324 
Other Shrubland 0 0 0 3 8 11 
Sagebrush Shrubland 0 0 462 2,822 17,822 21,106 
Shortgrass Prairie 0 0 692 4,886 27,241 32,819 
Shrubby Riparian 0 0 0 50 215 265 
Urban/Disturbed 0 0 0 0 3 3 
Water 0 0 0 4 156 160 
Wet Meadow 0 0 3 313 2,642 2,958 
Total 0 0 1,174 10,327 59,090 70,591 
Note: 
1. Figures do not include the disturbances for water handling facilities (11,683 acres) or CMFs (356 acres), which were not site-specifically located in the GIS 
database. 
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Table 4–22 Short-term Vegetation Disturbance by Sub-watershed — Alternative 3 
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Little Bighorn River 0 0 0 0 0 0 11 0 3 0 0 0 0 0 14 
Upper Tongue River 337 0 52 5 0 0 2,993 0 991 825 146 0 0 1,245 6,594 
Middle Fork Powder River 0 0 0 0 3 0 3 3 3 11 0 0 0 0 23 
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 16 0 275 14 0 0 1,455 0 4,132 7,174 11 0 0 125 13,202 
South Fork Powder River 0 0 0 3 0 0 3 0 0 3 0 0 0 0 9 
Salt Creek 0 0 0 0 0 0 0 0 104 461 0 0 0 0 565 
Crazy Woman Creek 0 0 60 3 0 0 404 0 1,323 1,937 0 0 0 0 3,727 
Clear Creek 477 0 70 18 0 0 2,289 3 1,492 2,254 90 0 152 1,246 8,091 
Middle Powder River 3 0 7 16 0 0 144 0 185 163 3 0 0 29 550 
Little Powder River 35 0 75 88 0 0 1,949 0 3,160 2,193 12 0 0 149 7,661 
Little Missouri River 3 0 0 0 0 0 50 0 14 19 0 0 0 6 92 
Antelope Creek 51 0 52 26 0 0 234 0 3,238 10,222 0 0 0 0 13,823 
Dry Fork Cheyenne River 3 0 0 0 3 0 19 0 6 14 0 0 0 0 45 
Upper Cheyenne River 0 0 0 3 0 0 20 0 431 980 0 0 0 0 1,434 
Lightning Creek 0 0 0 0 0 0 30 5 22 11 0 0 0 0 68 
Upper Belle Fourche River 12 0 227 8 0 0 1,692 0 5,985 6,552 3 0 8 158 14,645 
Middle North Platte Casper 0 0 0 0 0 0 28 0 17 0 0 3 0 0 48 
Total 937 0 818 184 6 0 11,324 11 21,106 32,819 265 3 160 2,958 70,591 
Note: 
1. Figures do not include the disturbances for water handling facilities (11,683 acres) or CMFs (356 acres), which were not site-specifically located in the GIS database. 
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Table 4–23 Long-term Vegetation Disturbance by Surface Owner — Alternative 3 

Disturbance1 (acres) 
BLM 

Vegetation Type BFO CFO FS State Private Total 

Agriculture 0 0 0 25 319 344 
Aspen 0 0 0 0 0 0 
Barren 0 0 0 54 258 312 
Coniferous Forest 0 0 4 37 61 102 
Forest Riparian 0 0 0 0 5 5 
Herbaceous Riparian 0 0 0 0 0 0 
Mixed Grass Prairie 0 0 9 750 3,639 4,398 
Other Shrubland 0 0 0 2 7 9 
Sagebrush Shrubland 0 0 185 1,089 6,772 8,046 
Shortgrass Prairie 0 0 251 1,811 10,160 12,222 
Shrubby Riparian 0 0 0 20 80 100 
Urban/Disturbed 0 0 0 0 2 2 
Water 0 0 0 1 56 57 
Wet Meadow 0 0 2 114 977 1,093 
Total 0 0 451 3,903 22,336 26,690 
Note: 
1. Figures do not include the disturbances for water handling facilities (11,683 acres) or CMFs (143 acres), which were not site-specifically 

located in the GIS database. 
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Table 4–24 Long-term Vegetation Disturbance by Sub-watershed — Alternative 3 

Disturbance1 (acres) 
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Little Bighorn River 0 0 0 0 0 0 9 0 2 0 0 0 0 0 11 
Upper Tongue River 125 0 19 2 0 0 1,105 0 346 294 55 0 0 442 2,388 
Middle Fork Powder River 0 0 0 0 3 0 2 2 2 9 0 0 0 0 18 
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 9 0 102 6 0 0 519 0 1,504 2,644 4 0 0 47 4,835 
South Fork Powder River 0 0 0 2 0 0 2 0 0 2 0 0 0 0 6 
Salt Creek 0 0 0 0 0 0 0 0 41 164 0 0 0 0 205 
Crazy Woman Creek 0 0 21 2 0 0 138 0 457 687 0 0 0 0 1,305 
Clear Creek 170 0 25 8 0 0 828 2 524 773 32 0 54 448 2,864 
Middle Powder River 2 0 4 7 0 0 66 0 78 69 2 0 0 20 248 
Little Powder River 12 0 33 58 0 0 863 0 1,382 1,029 5 0 0 70 3,452 
Little Missouri River 2 0 0 0 0 0 42 0 12 16 0 0 0 5 77 
Antelope Creek 18 0 18 9 0 0 83 0 1,150 3,618 0 0 0 0 4,896 
Dry Fork Cheyenne River 2 0 0 0 2 0 16 0 5 12 0 0 0 0 37 
Upper Cheyenne River 0 0 0 1 0 0 7 0 163 390 0 0 0 0 561 
Lightning Creek 0 0 0 0 0 0 26 5 19 9 0 0 0 0 59 
Upper Belle Fourche River 4 0 90 7 0 0 668 0 2,347 2,506 2 0 3 61 5,688 
Middle North Platte Casper 0 0 0 0 0 0 24 0 14 0 0 2 0 0 40 
Total 344 0 312 102 5 0 4,398 9 8,046 12,222 100 2 57 1,093 26,690 
Note: 
1. Figures do not include the disturbances for water handling facilities (11,683 acres) or CMFs (143 acres), which were not site-specifically located in the GIS database. 

 



Chapter 4 — Environmental Consequences 

 4–169 PRB O & G FEIS 

Table 4–25 Cumulative Oil and Gas (including CBM) Direct Impacts to 
Vegetation by Alternative and Surface Owner 

 Proportion of Surface Owner Area Disturbed 
 Alternatives 1, 2A, and 2B Alternative 3 

Surface Owner 
Short term 
(Percent) 

Long term 
(Percent) 

Short term 
(Percent) 

Long term 
(Percent) 

Buffalo FO 2.50 1.03 0.14 0.14 
Casper FO 0.13 0.12 0.09 0.09 
FS 2.90 1.30 0.69 0.41 
State 2.31 1.21 2.19 1.16 
Private 2.30 1.44 1.56 0.96 
Total 2.73 1.36 1.42 0.86 

 

 

Table 4–26 Cumulative Oil and Gas (including CBM) Direct Impacts to 
Vegetation by Alternative and Sub-watershed 

 Proportion of Sub-watershed Disturbed 
 Alternatives 1, 2A, and 2B Alternative 3 

Sub-watershed 
Short term 
(percent) 

Long term 
(percent) 

Short term 
(percent) 

Long term 
(percent) 

Little Bighorn 0.03 0.02 0.03 0.02 
Upper Tongue River 1.12 0.48 1.00 0.43 
Middle Fork Powder 0.03 0.03 0.02 0.02 
North Fork Powder 0.01 0.01 0.00 0.00 
Upper Powder River 3.89 1.67 1.23 0.70 
South Fork Powder 0.06 0.06 0.06 0.06 
Salt Creek 0.84 0.36 0.44 0.21 
Crazy Woman Creek 2.11 0.76 0.72 0.28 
Clear Creek 2.24 0.84 1.56 0.60 
Middle Powder 3.08 2.24 1.89 1.76 
Little Powder 2.97 1.97 1.93 1.45 
Little Missouri 0.76 0.66 0.33 0.29 
Antelope 6.28 2.52 2.53 1.18 
Dry Fork Cheyenne 0.13 0.12 0.10 0.10 
Upper Cheyenne 2.30 1.35 1.45 1.03 
Lightning Creek 0.33 0.33 0.31 0.31 
Upper Belle Fourche 4.67 2.90 3.51 2.45 
Middle North Platte Casper 0.08 0.08 0.06 0.05 
Total 2.73 1.36 1.42 0.86 
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Table 4–27 Cumulative Oil and Gas (including CBM) Direct Impacts to 
Vegetation by Alternative and Vegetation Type 

 Proportion of Vegetation Type Disturbed 
 Alternatives 1, 2A, and 2B Alternative 3 

Vegetation Type 
Short term 
(percent) 

Long term 
(percent) 

Short term 
(percent) 

Long term 
(percent) 

Agriculture 1.00 0.45 0.95 0.43 
Aspen 0.00 0.00 0.00 0.00 
Barren 2.33 1.33 1.40 0.96 
Coniferous Forest 0.41 0.25 0.14 0.10 
Forest Riparian 0.09 0.08 0.09 0.08 
Herbaceous Riparian 0.16 0.15 0.13 0.13 
Mixed Grass Prairie 1.68 0.93 1.17 0.73 
Other Shrubland 0.06 0.05 0.05 0.04 
Sagebrush Shrubland 3.10 1.62 1.64 1.06 
Shortgrass Prairie 3.42 1.60 1.54 0.91 
Shrubby Riparian 0.53 0.25 0.51 0.23 
Urban/Disturbed 0.07 0.05 0.07 0.05 
Water 1.95 0.79 1.90 0.78 
Wet Meadow 2.36 1.10 2.20 1.03 
Total 2.73 1.36 1.42 0.86 

 

Within the Project Area, coal mining continues to disturb more vegetation every 
year. Surface disturbance on permitted coal mines in the PRB increased 
6,795 acres from 90,751 acres in 2000 to 97,546 acres in 2001. Total acres of 
reclaimed land during the same period rose from 16,667 acres to 18,104 acres, an 
increase of 1,437 acres (Christensen 2002). For each additional 1,000 acres dis-
turbed by coal mining in the Project Area during year 2001, approximately 
211 acres were reclaimed. WDEQ defines reclaimed land as affected land that 
has been backfilled, graded, the topsoil has been replaced, and permanently 
seeded according to approved practices specified in the reclamation plan (Chris-
tensen 2002). The acres of reclaimed land mentioned above do not represent land 
that has been returned to its natural, pre-mining vegetative community. Although 
reclamation plans for approved mining permits are implemented with the inten-
tion of re-establishing pre-mining conditions, actual establishment of native, self-
sustaining vegetation communities may take decades to achieve. 

The 4,400 acres currently disturbed by uranium mining are not expected to in-
crease substantially in the near future. Sand, gravel, and scoria mining, which 
have disturbed 1,200 acres, also are not expected to expand substantially. Agri-
culture has affected 113,643 acres of lands that were formally occupied by native 
vegetation. Agricultural areas are not expected to substantially expand or contract 
in the near future. Urban development has resulted in the loss of 4,362 acres of 
native vegetation. A minor amount of new rural and urban development is ex-
pected in the near future, but the amounts or types of vegetation disturbance have 
not been estimated. Cumulative impacts to vegetation from roads, railroads, and 
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rural development have not been estimated, except where road impacts are part 
of existing or proposed oil and gas development. These road impacts are included 
in Table 4–25 and Table 4–26. 

All non-oil and gas impacts are estimated to have resulted in the loss of 2.8 per-
cent of the native vegetation in the Project Area. When non-oil and gas impacts 
are combined with the existing and projected impacts from oil and gas develop-
ment, 5.5 percent of the vegetation in the Project Area would be disturbed in the 
short term and 4.2 percent of the vegetation in the Project Area would be dis-
turbed over the long term, depending on the alternative selected. 

The total acreage affected by development of CBM would not be disturbed si-
multaneously because development would occur over the life of the project. 
Some of the disturbed acreage would be reclaimed or would be in the process of 
being reclaimed when new disturbances are initiated. Development of CBM is, 
however, expected to occur at a rate faster than abandonment and reclamation of 
wells. In the near future (5 to 10 years), the amount of vegetation disturbed is 
likely to increase, although the anticipated life of CBM wells (10 years) suggests 
that reclamation would eventually overtake development of new wells, resulting 
in a net decrease in disturbed vegetation over the long term. 

As of 1995, an estimated 8.5 million acres of BLM property in the western 
United States had been infested by serious weed populations and infestations 
were spreading at an accelerating rate, which BLM estimates at 2,300 acres per 
day (BLM 1995a). If combined with estimates of infestation on private property, 
these estimates would easily double. Some species of noxious weeds are spread-
ing quickly within the Project Area. Over the last 3 years (1999 through 2002), 
the area of infestation for Canada thistle has almost doubled in Campbell County. 
Estimates for Scotch thistle and salt-cedar suggest they have tripled their distri-
bution in Johnson County over the same period, with leafy spurge, Russian knap-
weed, and hoary cress more than doubling. Russian knapweed has more than 
doubled over the same period in Converse County. According to the Campbell 
County Weed and Pest Control District, spotted knapweed has the potential of 
become a serious problem as a result of the scattered invasions throughout the 
county, especially along roads (Griswold 2002). All species of noxious weeds 
identified in Chapter 3 have the potential to damage the health of the ecosystem 
if proper management techniques are not implemented. 

Salinity in soil has increased along many stream and river channels in the west-
ern United States through the reduced frequency of salt-leaching flooding that 
resulted from construction of many reservoirs One potentially beneficial effect of 
development of CBM is the possibility that increased stream flows will scour 
salts from riparian zones where the lack of flooding in recent years has allowed 
salt to accumulate. 

In areas reclaimed after development of CBM, the reclaimed areas often differ 
substantially from undisturbed areas in terms of vegetation cover. Reclaimed ar-
eas may not serve ecosystem functions now provided by undisturbed vegetation 
communities, particularly in the short term, when species composition, shrub 
cover, and other environmental factors would likely be different. Establishment 
of noxious weeds and alteration of vegetation along drainages and reclaimed ar-
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eas has the potential to alter the distribution of the types of vegetation. As a re-
sult, alteration of biodiversity may occur through the overall effects of the project 
on vegetation. 

Wetlands/Riparian Areas 
A number of potential effects to wetlands and riparian areas are associated with 
the extraction of CBM in the Project Area. This section summarizes the primary 
categories of effects to wetlands and riparian areas, which include (1) habitat loss 
and degradation from roads, well pads, and ancillary facilities; (2) road impacts 
other than direct loss of habitat; (3) impacts from the quantity of produced water; 
and (4) impacts from the quality of produced water. 

Alternative 1 

Habitat Loss/Degradation 
Loss of wetlands and riparian areas would occur despite the intention to avoid 
these environmentally sensitive areas whenever possible. The largest proportion, 
about 80 percent, of the habitat disturbance would be caused by construction of 
linear facilities such as pipelines, roads, and power lines. Straight-line construc-
tion of these facilities is the most cost-effective method, so it can be assumed that 
wetlands and riparian areas would lie in the path of construction. Riparian areas, 
in particular, are likely to be crossed by roads, power line, and pipeline corridors. 
Well pads, compressor station pads, and many water handling facilities would 
not cause loss of wetlands and riparian areas because they would be located in 
upland sites. Some of the disturbance would be short term, such as construction 
of buried pipelines and overhead power lines, while other disturbances would be 
long term or essentially permanent, such as construction of roads. Habitat loss in 
wetlands and riparian areas would occur directly through construction of roads, 
pipelines, power lines, and some water handling facilities. 

Habitat loss of wetlands and riparian areas can substantially affect plant and ani-
mal species that depend on these ecosystems. Many plants grow only in season-
ally flooded or saturated soils associated with wetlands and riparian areas (1982). 
Additionally, amphibians, turtles, aquatic invertebrates, fish, waterfowl, shore-
birds, small mammals, carnivores, and big game spend much of their life cycle in 
wetlands or are drawn to the habitats provided by wetlands and riparian areas for 
food, water, or shelter. Multiple small local populations of wetland species often 
exist through the ability to move between nearby wetlands and riparian areas. 
Local populations of wetland species are most vulnerable to extirpation because 
of the patchy, mosaic distribution of wetlands and riparian areas that are sur-
rounded by large expanses of very different upland habitat (Gibbs 2000). A de-
crease in this habitat eliminates populations of local species and causes a reduc-
tion in the ecosystem values for the affected sub-watershed by diminishing the 
species richness of the ecological communities. Wetland habitat losses in various 
sub-watersheds of the Project Area may isolate certain less mobile species, such 
as amphibians, turtles, and insects. The habitat loss of wetlands and riparian areas 
can have large impacts on the ecological landscape of a specific watershed be-
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cause of the disproportionately high species richness of wetlands and riparian 
areas (Brinson et al. 1981, University of Wyoming 2002). 

Degradation of wetlands and riparian areas would occur because of indirect ef-
fects. Roads, well pads, or power lines that are adjacent to the habitat of wetlands 
and riparian areas may cause various wetlands species to disappear either from 
behavioral alterations or physical impacts. Decreases in the species richness of a 
particular wetland or wetland mosaic may not be detectable for several years for 
birds, reptiles, or amphibians, or even several decades for wetlands plants 
(Findlay and Bourdages 2000). The potential causes of these declines are many, 
including noise from road traffic, human activity, mechanized equipment, soil 
erosion, changes to hydrological patterns, and invasions by exotic species. 

Nearly all (88 percent) wetlands and riparian areas in the Project Area occur on 
private lands (Table 3-24). About 1.5 percent of the privately owned wetlands 
and riparian areas would be disturbed in the short term, with other land owner-
ships being disturbed to a much lesser extent (Table 4–17). About 0.5 percent of 
the privately owned wetlands and riparian areas would be disturbed in the long 
term, with other land ownerships being disturbed to a much lesser extent (Table 
4–19). Approximately 1.5 percent (3,500 acres) of the wetlands and riparian ar-
eas in the Project Area, mostly wet meadows (92 percent) in the Upper Tongue 
River and Clear Creek sub-watersheds, would be directly disturbed in the short 
term. Direct disturbance of vegetation in the wetlands and riparian areas of the 
Project Area would occur in 10 of the 18 sub-watersheds. Direct short-term dis-
turbance would occur to 3 percent of the wetlands and riparian areas of the Clear 
Creek sub-watershed, 1 percent of the wetlands and riparian areas of the Upper 
Tongue River sub-watershed, and lesser amounts to the other affected sub-
watersheds (Table 4–18). Disturbance would continue in the same sub-
watersheds over the long term, but at lesser percentages and in smaller areal ex-
tent than the short-term disturbances to wetlands and riparian areas. The wetlands 
and riparian areas estimated to be disturbed over the long term in the Project 
Area total 0.5 percent (1,320 acres), almost entirely in wet meadows of the Upper 
Tongue River and Clear Creek sub-watersheds. Direct long-term disturbance 
would occur to 1 percent of the wetlands and riparian areas of the Clear Creek 
sub-watershed, 0.5 percent of the wetlands and riparian areas of the Upper 
Tongue River sub-watershed, and lesser amounts to the other affected sub-
watersheds (Table 4–20). 

Effects from Roads 
Roads and their associated impacts, both immediate and delayed, are probably 
the major category of impact to wetlands and riparian areas in the Project Area. 
The ecological effects of roads have been extensively studied and reported in the 
scientific literature. Effects from roads have been documented on lands adjacent 
to wetlands at distances up to 2 kilometers (Findlay and Bourdages 2000). Some 
general effects from roads that apply to wetlands and riparian areas include al-
teration of the physical environment and facilitated spread of exotic species 
(Trombulak and Frissell 2000). 

Mortality of wildlife from road construction would be an important impact if 
roads were sited through, or very near to, wetlands and riparian areas. These 
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habitats serve as oases in arid environments, such as the Project Area, and draw 
large numbers of animal species from adjacent uplands. Species richness, as 
mentioned in Chapter 3, is particularly high for the wetlands and riparian areas of 
the sub-watersheds of the Project Area relative to the upland areas. 

Roads alter the physical environment in many ways, including increased soil 
density, increased temperature, increased dust, changes in surface water flow, 
changes to surface runoff patterns, and sedimentation (Trombulak and Frissell 
2000). These types of alterations caused by roads lead to greater sedimentation 
and increased surface water flows to wetlands and riparian areas that can change 
species compositions and adversely affect macroinvertebrate populations. Roads 
that are built within floodplains can redirect water, sediment, and nutrients be-
tween streams, wetlands, and riparian ecosystems to the detriment of water qual-
ity and ecosystem health (Trombulak and Frissell 2000). Overall, the presence of 
roads is highly correlated with changes in species composition, population sizes, 
and hydrologic and geomorphic processes that shape aquatic and riparian systems 
(Trombulak and Frissell 2000). 

Effects from Produced Water Quantity 
Water that is produced during extraction of CBM would be handled differently 
among the alternatives, but surface discharges that reach wetlands and riparian 
areas would affect them. All alternatives involve the continuous (year-round) 
surface discharge of produced water for the duration of the project. Not all of the 
produced water would reach wetlands and riparian areas associated with the main 
stems of the various sub-watersheds because of evaporation and percolation into 
the soil surface. Discharge rates for all alternatives average 6.58 gpm, or almost 
11 acre-feet per year per well. The amount of water produced under Alternative 
1, for example, that would reach the main stems of the various sub-watersheds 
ranges from 0.2 cubic feet per second (145 acre-feet per year) in the Salt Creek 
sub-watershed to 135 cubic feet per second (98,000 acre-feet per year) in the Up-
per Powder River sub-watershed (Table 4–6). Some of the discharges of pro-
duced water associated with Alternative 1 make a very large contribution to, or 
exceed, the natural mean monthly surface water flows of certain sub-watersheds, 
as shown in Table 4–13 and discussed in the section on Surface Water. 

Increases to surface water flows would adversely affect existing wetlands and 
riparian areas because of the very large increase in volume. Major effects to be 
expected from produced water discharges may include the following: (1) in-
creased erosion of channels and floodplains; (2) loss of riparian streambank 
vegetation; (3) changes to the composition and physical structure of the vegeta-
tion community in wetlands and riparian areas; and (4) raising of shallow 
groundwater table in floodplains. Erosion of channels and floodplains would in-
crease turbidity in the water column, thus adversely affecting plankton and 
macroinvertebrate production and growth rates (Mitsch and Gosselink 1993) that 
are the basis of aquatic food chains in the prairie streams of the Project Area. In-
creased erosion in riparian corridors leads to the increased deposition of sedi-
ments in downstream wetlands that raises biochemical oxygen demand and ad-
versely affects wetland functioning at several trophic levels in the food web 
(Mitsch and Gosselink 1993). 
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Riparian streambank vegetation, including gallery forests of mature cottonwood 
trees, may be lost by bank undercutting caused by the increased surface water 
flows in channels. The loss of cottonwood trees and other streambank vegetation 
would decrease the amount of cover and food resources for wildlife within ripar-
ian corridors and increase stream water temperatures due to a reduction in shad-
ing of the stream by vegetation.  

Community composition would change because of altered nutrient inputs caused 
by continuous, rather than seasonal water flows. Most wetland plant seeds re-
quire moist, but not flooded, conditions for germination and early seedling 
growth. Freshwater marshes with cyclic water levels, rather than continuous 
flows, produce the greatest number of plant seeds (Siegley et al. 1988). Continu-
ous inputs of produced water would decrease the recruitment rate of new plants 
and alter the age structure and species composition of wetlands and riparian ar-
eas. Studies show that measures of biomass and net primary productivity are 
higher in wetland and riparian ecosystems that have pulsing, rather than flowing, 
hydroperiods. Stagnant or continuous hydroperiods, such as would be associated 
with the discharged produced water from the proposed project, cause measures 
that are lower still (Mitsch and Gosselink 1993). The temporal cycles and spatial 
patterns of invertebrate species and concentrations reflect the natural seasonal 
cycle of insect growth and emergence. These cycles are related to the cycles of 
vegetation growth and species abundance that depend on the normal seasonal and 
periodic fluctuations of the hydrology, such as summer drying and occasional 
droughts and floods (Voights 1976, Mitsch and Gosselink 1993). 

Continuous high stream flows into wetlands and riparian areas would change the 
composition of species and dynamics of the food web. The shallow groundwater 
table would rise closer to the surface with increased and continuous stream flows 
augmented by produced water discharges. Vegetation in riparian areas, such as 
cottonwood trees, that cannot tolerate year-round inundated root zones would die 
and would not be replaced. Other plant species in riparian areas and wetland 
edges that favor inundated root zones would flourish, thus changing the plant 
community composition and the associated animal species. A rise in the shallow 
groundwater table would also influence the hydrology of wetlands by reducing or 
eliminating the seasonal drying periods that affect recruitment of plant species 
and species composition of benthic and water column invertebrates. These 
changes to the aquatic food web base would affect the higher trophic levels of 
fish and waterfowl abundance and species richness for wetlands and riparian ar-
eas. 

Water handling facilities, such as on-stream impoundments, would cause similar 
changes to wetlands and riparian areas through alterations in volume, velocity, 
and timing of the stream flow. The magnitude of effects to specific sub-
watersheds would depend on the size and number of facilities. On-stream im-
poundments would affect wetlands and riparian areas more than would im-
poundments located outside of the floodplain. The number and exact locations of 
the impoundments are not yet known, but would be established with APDs. On-
stream impoundments would also cause an elevational increase in the shallow 
groundwater table of the associated floodplain through infiltration of the stored 
water and effects already described. 
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Produced water from CBM wells would be gathered for discharge at outfalls. 
Outfalls may feed into small stock reservoirs, constructed infiltration basins, or 
other facilities before the outflows reach surface drainages. No direct effects on 
wetlands and riparian areas would occur due to the containment reservoirs be-
cause they would be constructed in upland sites. Infiltration reservoirs would be 
constructed within floodplains or at upland sites. Infiltration reservoirs that are 
constructed within floodplains would affect the wetlands and riparian areas of the 
respective sub-watersheds, as previously described. The full extent of these direct 
disturbances cannot currently be quantified because the locations of the reser-
voirs have not been established. 

No direct effects to wetlands and riparian areas would occur as a result of the 
creation of land application disposal sites or injection facilities. These sites would 
be located in upland areas away from drainages and floodplains. Water would be 
applied at agronomic rates at LAD sites so that there would be no runoff or infil-
tration of applied water that could reach surface drainages. 

Discharges of produced water would decrease after the peak values (Table 4–13) 
are reached and would be terminated at the end of the project. Previously existing 
wetlands and floodplains that had expanded because of the increase in stream 
flows would experience vegetation dieback as the hydrology returned to normal 
conditions. Wildlife populations that depend on wetlands and riparian areas for 
food, cover, and water may decrease in abundance and wildlife species richness 
may be diminished. Salt scalds are accumulations of mineral salts in surface soil 
caused by evaporation that may appear within riparian corridors and along wet-
land edges. Salt scalds inhibit growth and recruitment of many wetland and up-
land plant species (DLWC 2000, Seelig 2000) and could perpetuate adverse sa-
line conditions to wetlands via surface runoff of precipitation. New depressional 
wetlands or groundwater wetlands created by the increased stream flows during 
the life of the project would dry up after discharges of produced water cease and 
the hydrologic conditions return to normal. Associated wetland species commu-
nities could be eliminated in these locations and are not likely to be assimilated 
into the communities of remaining wetlands and riparian areas. Salt scalds could 
appear as the saline water and saline groundwater evaporates in the newly formed 
wetlands. 

Impacts from Produced Water Quality 
The water produced during extraction of CBM has been measured at 47 locations 
throughout the PRB for its mineral composition and other water quality parame-
ters by the USGS (Rice et al. 2000). Details on water quality specific to the Pro-
ject Area are included in the section on Surface Water Quality of Chapter 3. The 
USGS study reported that most concentrations of trace elements were at or below 
the analytical detection limits and no noticeable trends were apparent. This study 
and others cited in Chapter 3 indicate that the primary water quality parameters 
of interest regarding ecological impacts to wetlands and riparian areas from re-
leases of produced water are salinity caused by high concentrations of sodium 
cation and sodicity caused by high concentrations of bicarbonate ions. 

Average values are predicted for the proposed discharges of produced water in 
each of the sub-watersheds that would be affected by the project (Table 4–13) 
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and are discussed in the section on Surface Water Quality. Substantial increases 
in the normal levels of salinity and sodicity in the surface waters of several of the 
Project Area’s sub-watersheds by discharges of produced water would affect the 
ecosystem structure and functions of wetlands and riparian areas. The salinity 
and sodicity measures of the produced water discharges would not be amelio-
rated in the sub-watersheds where minimum mean flows are less than, and mean 
monthly flows are similar to, the rate of discharge for produced water that would 
reach the streams and rivers. Plant communities have been identified as the wet-
land biota most sensitive to increases in concentrations of salinity in water (Hart 
et al. 1991). The growth, vigor, and reproductive success of plant and animal 
species of aquatic and semi-aquatic systems, such as wetlands and riparian areas, 
depend on a range of tolerance to water quality parameters, including salinity, 
sodicity, pH, and others (Mitsch and Gosselink 1993). Additionally, increased 
salinity and longer periods of soil saturation or inundation can act synergistically 
to the detriment of many species of riparian plants (Hart et al. 1991). Above-
normal concentrations of salinity cause stress to plants that can lead to dieback 
and changes in species community composition. The predicted range in the con-
centration of salinity of the produced water discharge for the project is greater 
than the threshold values for effects to plants (Horpestad 2001, James and Hart 
1993, Nielsen and Brock 2001), indicating that adverse effects would affect 
vegetation in wetlands and riparian areas in the seven sub-watersheds with pre-
dicted average concentrations of salinity in the middle or high end of the range of 
values (Table 4–13). However, injury to vegetation communities of wetlands and 
riparian areas may be avoided if the narrative water quality standards developed 
for the protection of agriculture are coincidentally protective of native wetlands 
vegetation species. 

Biota of wetlands and riparian areas other than plants would also be adversely 
affected by increases in salinity. Benthic and water column invertebrates of wet-
lands are also sensitive to increases in salinity, with adverse effects appearing in 
some taxa at 1,000 mg/L TDS. The most sensitive of the invertebrate taxa are 
benthic multicellular organisms and certain insects, such as stoneflies, mayflies, 
caddisflies, and dragonflies (Hart et al. 1991). Waterfowl and fish depend di-
rectly these invertebrate taxa for food. 

Increased sodicity in the floodplains of the main stems of the Project Area sub-
watersheds would affect wetlands and riparian areas through amplified sedimen-
tation within riparian corridors, including floodplain terraces. SARs of 13 or 
more may cause potentially irreversible changes to soil structure that reduce per-
colation of rainfall and surface water flows, restrict root growth, limit permeabil-
ity of gases and moisture, and make tillage difficult (Seelig 2000, U.S. Salinity 
Laboratory Staff 1954). At least some of the average SARs for the affected sub-
watersheds may be greater than 13, with the highest values potentially occurring 
in the Clear Creek and the Upper Tongue River sub-watersheds (Tables 4–7 and 
4–10). The effects of increased sedimentation have been previously discussed in 
this section in terms of the increase in the velocity and volume of surface water 
flow in stream channels. Reduced percolation and the formation of an imperme-
able soil surface in areas of high clay content over large expanses of floodplains 
would increase the contribution of surface runoff to in-channel stream flows that 
are already high. The establishment and maintenance of riparian grasses, shrubs, 
and trees within the riparian corridor and in wetlands would be limited by the 



Chapter 4 — Environmental Consequences 

PRB O & G FEIS 4–178  

degraded soil structure caused by the highly sodic discharges of produced water. 
Additional information on the effects of an increased sodium absorption ratio on 
soils, agricultural crops, and native upland vegetation can be found in the sec-
tions on Soils, Land Use, and Vegetation. 

Alternatives 2A and 2B 
The numbers of well pads and the miles of linear facilities, such as roads, pipe-
lines, and power lines, that may affect wetlands and riparian areas are the same 
for Alternatives 1, 2A, and 2B. The effects to wetlands and riparian areas from 
these facilities would therefore be the same for these alternatives. Alternatives 
2A and 2B would result in similar percentages and areal extent of short- and 
long-term direct disturbances to wetlands and riparian areas as Alternative 1, but 
would result in greater direct disturbances than Alternative 3. The lack of differ-
ences in direct disturbance to wetlands and riparian areas is a result of the 
planned avoidance of these environmentally sensitive areas. Additional details 
about direct disturbances are included in Chapter 2. 

Most of the affected sub-watersheds, with the exception of the Upper Belle 
Fourche River sub-watershed, would receive more discharges of produced water 
to streams and rivers under Alternatives 1 and 3 than under Alternatives 2A and 
2B (Table 4–3). Therefore, the effects to wetlands and riparian areas from pre-
dicted quantity and quality of produced water would be less for Alternatives 2A 
and 2B than for Alternatives 1 and 3. 

Alternative 3 
A smaller number of facilities related to the extraction of CBM in the Project 
Area would be constructed under Alternative 3 than for the other alternatives 
and, thus, the extent of effects to wetlands and riparian areas would be propor-
tionally less. The predicted rates of discharge for produced water that would 
reach the main stems of the various affected sub-watersheds would be the same 
as for Alternative 1 (Table 2–8). The effects to wetlands and riparian areas from 
quantity and quality of produced water previously discussed would be the same 
for this alternative. Most of the affected sub-watersheds, with the exception of 
the Upper Belle Fourche River sub-watershed, would receive more discharges of 
produced water to streams and rivers under Alternatives 1 and 3 than under Al-
ternatives 2A and 2B (Table 4–3). Therefore, the effects to wetlands and riparian 
areas from predicted quantity and quality of produced water previously discussed 
would be greater for Alternatives 1 and 3 than for Alternatives 2A and 2B.  

Cumulative Effects 
Implementation of the alternatives would contribute to other types of effects on 
wetlands and riparian areas in the Project Area. Oil and gas extraction, in general, 
attempts to avoid environmentally sensitive areas such as wetlands and riparian 
areas. However, these types of projects are on the increase in the PRB. Future 
projects of a similar nature would have similar levels of effects to wetlands and 
riparian areas within the sub-watersheds. Other types of natural resource extrac-
tion projects might have more or fewer effects to wetlands and riparian areas of 
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the region, although effects would likely be similar. Although resource extraction 
and infrastructure construction projects generally attempt to avoid wetlands and 
riparian areas, some types of projects, especially when they are linear, cannot 
avoid all impacts to these sensitive resources. 

Much of the discussion of cumulative effects to vegetation is also relevant to 
wetlands and riparian areas. Coal, uranium, sand, gravel, and scoria mining; 
ranching; agriculture; road and railroad construction; and rural and urban devel-
opment are likely to have some effect on wetlands and riparian areas via habitat 
loss or degradation, road development, and water quality degradation. These 
types of resource extraction and construction would increase in number and fre-
quency within the PRB commensurate with an increase in the regional popula-
tion. More details about cumulative effects to wetland/riparian vegetation are 
included in the total effects to vegetation, as shown on Table 4–27 and other sec-
tions within Chapter 4. 

Noxious weeds, non-native plants, and exotic invertebrates are likely to invade 
wetlands and riparian areas via new roads throughout the Project Area. Invasions 
by alien species associated with new roads occurs via the creation of desired 
habitat by altering existing conditions, reducing competition with native species 
by stressing or removing them, and allowing easier movement across the land-
scape (Trombulak and Frissell 2000). Once noxious weeds and other alien spe-
cies are introduced, it has historically been difficult to remove them from the 
landscape. The effects of noxious weeds and non-native plant species are dis-
cussed further in the section on Vegetation. 

Wildlife 

Terrestrial Species 
The principal effects to terrestrial wildlife may include: (1) increased direct mor-
tality (including legal hunting, poaching, collision with power lines and vehicles, 
electrocution on power lines, and nest loss); (2) the introduction of new habitats 
suitable for avaian and mammalian predators and thus a potential change in pre-
dation rates on other wildlife species; (3) direct loss or degradation of habitats; 
(4) indirect disturbance resulting from human activity (including harassment, 
displacement, diversion from public to private lands, noise and dust, altered nu-
tritional status and reproductive success, and changes in habitat effectiveness); 
(5) habitat fragmentation (particularly through construction of roads); and (6) 
changes in population levels. The magnitude of effects to wildlife would depend 
on a number of factors including the natural history characteristics of each spe-
cies and the recommended and required mitigation measures. The overall effects 
of the proposed project on wildlife would be similar among alternatives; how-
ever, the magnitude of these effects would vary along with the different levels of 
activity proposed for each alternative. 

Direct disturbance of wildlife habitats would occur in each sub-watershed and 
under each alternative during the construction phase of the project. In an effort to 
return habitats to wildlife use, unused portions of well sites would be reclaimed 
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during the production phase. After the end of the production phase, well fields 
and ancillary facilities would be removed and disturbed areas would be re-
claimed. Seed mixes approved by the appropriate agency, many of which are in-
tended to be beneficial to wildlife species, would be used to revegetate aban-
doned well pads and areas occupied by ancillary facilities. The amount of time 
these lands are unsuitable as wildlife habitats is variable and may depend on one 
or more of the following: productive life span of the well, success of mitigation, 
reclamation techniques, and local weather conditions. Reclamation of habitats 
dominated by grasses and forbs is expected to be successful within several years; 
however, habitats dominated by shrubs and trees may take 8 to 20 years or more 
to successfully re-establish. Consequently, the disturbance of forest and shrub 
habitats would represent a long-term loss beyond the end of the production phase 
to species that depend on this vegetation for forage or shelter. In addition, an un-
known percentage of roads would not be reclaimed, resulting in permanent loss 
of wildlife habitats. 

Indirect effects would occur in varying degrees during the construction, produc-
tion, and decommissioning and abandonment phases of the project and would 
continue after abandonment in areas where roads are not reclaimed. These effects 
would be the greatest during construction, when the highest level of activity 
would occur, and would decrease during production. Wildlife may avoid areas of 
these activities and use other locations in response to the increased levels of hu-
man activity, equipment operation, vehicular traffic, and noise associated with all 
phases of the project. This avoidance could result in the under-use of otherwise 
suitable habitats; therefore, the effectiveness of these habitats would be dimin-
ished. The displacement of wildlife from disturbed areas could lead to the over-
use of suitable habitats in undisturbed areas, increasing competition for limited 
resources in these areas. Wildlife distribution patterns could be altered. The de-
gree of habitat avoidance would vary between species and among individuals of 
any specific species. The pattern of development is not known; however, it is 
anticipated that development would occur throughout the Project Area, based 
primarily on the objectives of each leaseholder. Development may or may not 
occur in an orderly or staged fashion. For this reason, no attempt has been made 
to predict patterns of displacement or under- or over-use of resources by dis-
placed wildlife. 

The effects of habitat fragmentation would vary by wildlife species. For some 
species, fragmentation could result in substantial disruptions of movement, re-
duce connectivity between populations, and may result in the extirpation of local 
populations. For other species, the type and extent of fragmentation anticipated 
with this project could have no noticeable effect. The net result of the types of 
impacts discussed above and the interactions among these types of impacts 
would vary among species, but for some of the more sensitive species may result 
in population declines. 

Mitigation measures designed to minimize effects to wildlife species are pro-
vided at the end of Chapter 4. These measures were developed to address the 
more substantial effects that could occur from the proposed project and their ef-
fects on the species of wildlife that are of higher interest or that are more likely to 
be affected. Each of the alternatives includes more than 12,000 wells that would 
be located on private lands with private minerals. Mitigation measures contained 
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in this document would be recommended, but BLM could not require their im-
plementation, for these wells. This lack of required mitigation measures on pri-
vate lands was taken into account in the impact assessment for each species or 
group of species discussed below. 

Wildlife Habitats 
The direct, indirect, and cumulative impacts to the vegetation types that provide 
habitats for wildlife are discussed in the section on Vegetation in Chapter 4. One 
of the impacts of the proposed project on habitats would be an increase in density 
of roads. Table 4–28 shows the proposed increase in density of roads under each 
alternative and the cumulative (existing and proposed) road density for each sub-
watershed. The specific effects of this change in density of roads are discussed, 
where applicable, for each species or group of species below. 

Big Game 
Direct and indirect effects to big game and their ranges would occur as a result of 
activities proposed under each alternative. Direct effects to habitats that would 
result from construction of CBM wells, compressors, non-CBM wells, and other 
facilities were estimated by applying facility-specific disturbance factors (Chap-
ter 2) to the proposed number of each type of facility. These facility-specific dis-
turbances were then summed and used to estimate the number of acres that would 
be directly disturbed for each range type by surface owner and sub-watershed. 
Disturbance acres from water handling facilities were estimated for direct distur-
bance to big game by sub-watershed. Other direct effects are discussed qualita-
tively.  

Table 4–28 Proposed and Cumulative Road Density by Sub-Watershed 

Road Density (miles per square mile) 
Alternative Cumulative with Alternative 

Sub-watershed 1, 2A, or 2B 3 1, 2A, or 2B 3 
Little Bighorn River 0.00 0.00 1.47 1.47 
Upper Tongue River 0.64 0.57 2.52 2.45 
Middle Fork Powder River 0.00 0.00 1.54 1.54 
North Fork Powder River 0.00 0.00 1.70 1.70 
Upper Powder River 2.06 0.51 3.82 2.27 
South Fork Powder River 0.00 0.00 1.45 1.45 
Salt Creek 0.48 0.26 2.24 2.02 
Crazy Woman Creek 1.34 0.45 2.79 1.90 
Clear Creek 1.43 0.98 3.11 2.66 
Middle Powder River 0.84 0.14 2.79 2.08 
Little Powder River 1.01 0.52 3.42 2.93 
Little Missouri River 0.00 0.00 1.64 1.64 
Antelope Creek 4.46 1.62 6.81 3.96 
Dry Fork Cheyenne River 0.00 0.00 1.78 1.78 
Upper Cheyenne River 0.82 0.43 3.16 2.78 
Lightning Creek 0.00 0.00 1.99 1.99 
Upper Belle Fourche River 1.79 1.11 5.15 4.47 
Middle North Platte River 0.00 0.00 1.63 1.63 
Total 1.40 0.59 3.44 2.63 
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Indirect effects to big game are generally treated qualitatively, except for the dis-
cussion of habitat effectiveness and road density. It has been well documented 
(for example, by Rost and Bailey 1979, Ward 1976) that big game species reduce 
their use of habitats that are near human disturbance. Areas of habitat that are 
avoided because of human activities or the consequences of human activities are 
less effective at supporting populations of big game. An estimate of the reduction 
in habitat effectiveness by sub-watershed is shown in Table 4–29 for each big 
game species that would be affected by the proposed project. The area subject to 
this impact is not lost to each species, but their use of this area is reduced by 
some unknown amount that depends on many factors such as the spatial and 
temporal scale of the disturbance, natural history characteristics of each species, 
and the habituation of individual animals to each type of disturbance. An accu-
rate assessment of the potential reduction in habitat effectiveness is not possible 
without knowledge of the spatial location of proposed facilities, especially roads 
(Lyon 1983). Because the spatial location of the proposed facilities is not known, 
another measure of indirect impacts, road density, was also estimated, as dis-
cussed above. Road density is related to habitat effectiveness and provides a 
good measure for estimating indirect effects to big game (Rowland et al. 2000). 

Table 4–29 Estimated Reduction in Big Game Habitat Effectiveness 

 Habitat Effectiveness Reduction (percent) 

 Pronghorn White-tailed Deer Mule Deer Elk 
 Alternative Alternative Alternative Alternative 

Sub-watershed 
1, 2A, 

2B 3 1, 2A, 
2B 3 1, 2A, 

2B 3 1, 2A, 
2B 3 

Little Bighorn River 0 0 0 0 0 0 0 0 
Upper Tongue River 12 10 6 5 16 14 3 3 
Middle Fork Powder River 0 0 0 0 0 0 0 0 
North Fork Powder River 0 0 0 0 0 0 0 0 
Upper Powder River 47 11 2 1 53 12 9 4 
South Fork Powder River 0 0 0 0 0 0 0 0 
Salt Creek 12 6 0 0 12 6 6 3 
Crazy Woman Creek 31 10 4 1 34 11 11 5 
Clear Creek 32 22 9 6 36 25 5 5 
Middle Powder River 16 3 2 0 21 3 0 0 
Little Powder River 22 11 3 2 23 12 0 0 
Little Missouri River 0 0 0 0 0 0 0 0 
Antelope Creek 100 40 3 1 89 36 13 13 
Dry Fork Cheyenne River 0 0 0 0 0 0 0 0 
Upper Cheyenne River 20 9 0 0 16 8 37 17 
Lightning Creek 0 0 0 0 0 0 0 0 
Upper Belle Fourche River 43 26 1 0 24 14 1 1 
Middle North Platte River 0 0 0 0 0 0 0 0 

Total 30 13 3 1 32 13 6 4 

 

Several assumptions were made for each measure that was developed. The reduc-
tion in habitat effectiveness was estimated by buffering all proposed roads in 
each sub-watershed by a species-specific disturbance distance. Impacts to each 
species in each sub-watershed were assumed to occur in proportion to the amount 
of the sub-watershed that is within the overall range of the species. The amount 
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of the reduction that would be attributable to well pads, roads, and compressors is 
likely overestimated slightly because of the overlap of buffers where roads are in 
close proximity; however, the estimate does not take into account any reduction 
in habitat effectiveness that might occur as a result of water handling facilities, 
which may compensate for this overestimate. The assumption was made that new 
oil and gas roads were proposed in inverse proportion to the presence of existing 
roads in each sub-watershed to calculate existing density of oil and gas roads that 
have not been mapped.  

Several of the direct and indirect effects to big game would occur independently 
of the species in question and are discussed here. For several species, specific 
direct and indirect effects of concern were identified and are discussed in the sec-
tion on each species that follows this general discussion of effects to big game. 

Alternative 1 

Hunting and Poaching 
Many miles of new roads would be constructed as part of the proposed project 
(Table 2–5). These roads would provide increased access to both public and pri-
vate lands in the Project Area. Because of this increased access, legal hunting 
pressure and poaching may intensify. Increased access to public lands would 
augment use by hunters of these areas; however, increased access for hunting is a 
management goal for many herd units (WGFD 2000a, 2000b). Private landown-
ers would continue to control access to, and hunting on, split estate lands. Never-
theless, some increase in the level of poaching may occur because of the sparsely 
populated nature of the Project Area. This effect is expected to have minimal im-
pact on big game because of the high proportion of private lands where new pub-
lic access would not be created. 

Vehicle Collisions 
Increased vehicle traffic is anticipated in association with all phases of the pro-
ject. The potential for vehicle collisions with big game would be directly corre-
lated with the volume of traffic. The volume of project-related traffic is expected 
to be greatest during the construction phase and to gradually diminish during the 
production and decommissioning and abandonment phases. Speed limits set for 
project roads would reduce the potential for collisions; however, most collisions 
occur on county roads and highways, where speeds are higher and are regulated 
by the state, not BLM. Overall, a 25 percent or more increase in traffic is antici-
pated, which may result in additional collisions between big game and vehicles. 

Loss or Degradation of Habitats 
Habitat loss associated with construction and operation of facilities would result 
in a reduction of available forage and other habitat components in the affected 
area. Specific habitats that would be lost are discussed for each species below. 
Habitats adjacent to areas that are directly disturbed would be affected by 
changes in vegetation, including the potential invasion of noxious weeds. Altera-
tion of ecological processes, such as the fire regime, may also affect habitat com-
ponents that are important to big game. The exact location and concentration of 
this effect would vary depending on the timing and extent of development but is 
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not expected to result in the alteration of seasonal habitat use or herd movements 
of big game within the Project Area. The direct loss of habitats would result in 
minor effects to big game because of the small proportion of the total amount of 
available habitats that would be affected; however, habitat loss may limit carry-
ing capacity in areas of concentrated development. 

The direct loss of habitats caused by construction of water handling facilities 
would have negative effects to big game. Approximately 27,009 acres would be 
disturbed by water handling facilities under this alternative (Table 2–6). Con-
struction of water handling facilities would generally occur in upland areas; how-
ever, the exact locations of these facilities are currently unknown. Because sage-
brush shrublands and short- and mixed-grass habitats are the most common and 
widely distributed habitat types within the Project Area, it was assumed these 
habitat types would experience most of disturbance associated with construction 
of water handling facilities. However, construction of impoundments would be 
avoided in sagebrush shrubland habitats where practical.  

Operation of water handling facilities may provide big game with new sources of 
drinking water and may increase the amount of forage available in wetland and 
riparian areas that expand in response to surface discharge of produced water and 
at LAD sites. As described in Chapter 2, quality of water discharged to the sur-
face is strictly controlled by the NPDES permitting process. Discharged water 
would meet all NPDES permitting requirements and would not be harmful to big 
game. Water in containment reservoirs may not be suitable for use by big game 
because of the accumulation of salts and other toxic substances. Containment 
reservoirs would be fenced to exclude wildlife and livestock or designed and 
constructed to prevent entrapment and drowning. 

The distribution of existing water resources combined with the new water han-
dling facilities would not result in concentrations of big game or other wildlife to 
the extent that it would be detrimental to wildlife (for example, by promoting the 
spread of disease) or wildlife habitats (for example, through over-use of forage). 
Although water-handling facilities would not be specifically intended for use by 
wildlife or livestock, facilities that are not fenced to exclude wildlife and live-
stock would be designed and constructed to prevent entrapment or drowning. 

Harassment and Displacement 
Big game could be temporarily displaced from habitats in areas of human activ-
ity. The extent of displacement would depend on the presence of the animals, 
duration and intensity of the activity, and the sensitivity and habituation to dis-
turbance of individual animals. Construction may result in displacement from 
affected habitats during the entire construction phase (a time frame of weeks to 
months); whereas production could result in displacement only during well visits 
(a time frame of hours). When they are displaced, individual animals would 
move to other adjacent habitats but may encounter competition for resources. 
Resources in avoided areas may be under-used, while resources could be over-
used in areas where displaced animals take refuge. Displacement during the con-
struction phase may alter patterns of habitat use and movements for individual 
animals, but would result in only minimal disruptions of seasonal habitat use or 
movement for entire herds because of the large areas occupied and the scattered 
nature of development. Displacement during the production phase would result in 
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only minimal alteration of habitat use and movement patterns for both individual 
animals and entire herds because of habituation to regular disturbance (Yarmoloy 
et al. 1988). Nevertheless, the additive effect of many displacement events on big 
game could affect individual animals’ health or condition, particularly in areas of 
concentrated development. 

Noise 
Noise is one factor in the displacement of big game from areas of otherwise suit-
able habitat and was considered as part of that analysis. Elevated levels of noise 
associated with increased human activity and facility operations may affect big 
game. The effects would depend on the occurrence pattern and intensity of pro-
duced noise. Big game responses may vary from tolerance to avoidance of af-
fected habitats. 

Dust 
Dust would be generated and deposited on vegetation that provides forage for big 
game along existing and new roads within the Project Area. Deposition of road 
dust on vegetation can affect vegetation health, nutrition, and palatability. These 
effects are typically most severe immediately adjacent to roads, but can extend 
up to 0.5 mile away. Vegetation within these areas represents a relatively small 
proportion of the total available forage within a typical big game range. Habitats 
along roads are avoided because of the disturbance caused by vehicle traffic; 
therefore, the loss of forage productivity attributable to dust would have only 
minimal effects on big game because this forage is typically under-used. 

Nutritional Status and Reproductive Success 
Individual animals would expend additional energy in reacting to disturbances 
through physiological responses (increased heart rate) and physical responses 
(displacement) (Geist 1978). They would also have to move farther across the 
landscape to encounter the same amount of forage because of direct habitat loss. 
All of these factors have the potential to result in decreased nutritional status (for 
example, lower body fat), particularly during stressful periods or in ranges with 
poor quality and availability of forage (Hobbs 1989). Increased stress levels and 
decreased nutritional status have the potential to result in decreased reproductive 
success (Yarmoly et al. 1988). Decreased nutritional status reduces the ability of 
pregnant and lactating does and cows to provide the nutrition their fawns and 
calves need, which can lead directly to increased mortality of fawns and calves. 
Displacement can lead to separation of fawns and calves from does and cows, 
increasing mortality of fawns and calves through decreased nutritional status and 
increased predation. This consequence may affect individual animals or entire 
herds in areas of concentrated development and activity, or during periods of ex-
treme stress, such as during a particularly cold and snowy winter. 

Habitat Fragmentation 
The pattern of well development for the proposed project would result in some 
degree of habitat fragmentation throughout the Project Area. The effects of habi-
tat fragmentation and the subsequent suitability of big game ranges would de-
pend upon several factors, including current range condition, carrying capacity, 
current population levels, species habitat requirements, degree of disturbance, 
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and availability of suitable habitats. The density of facilities in some portions of 
the Project Area may make these areas less available or fragmented to a degree 
that they would be unsuitable to several species of big game. 

The pattern of fragmentation that would occur under this alternative would con-
sist of the loss of narrow strips of habitats along roads, small patches at well pads 
and facility sites, and slightly larger patches around reservoirs and other water 
handling facilities. Habitat fragmentation is an issue to some wildlife species be-
cause of the creation of barriers between suitable and unsuitable habitats. These 
barriers often limt species occurrence and movement among habitats. Fragmenta-
tion would have minimal effects on big game because of their ability to move 
through and make use of the remaining habitats would not be affected. 

A more important effect of this pattern of development is the loss of habitat ef-
fectiveness, as dicussed above and shown on Table 4–29. Habitat effectiveness 
would be reduced because of the anticipated pattern of development. This pattern 
of development also would lead to the anticipated pattern of habitat fragmenta-
tion; however, the primary effect on big game would be the loss of habitat effec-
tiveness, not habitat fragmentation. 

Alternative 2A 
Under Alternative 2A, the magnitude and type of effects would be similar to 
those presented under Alternative 1, with the exception of the contribution of 
disturbance associated with proposed water handling facilities. Alternatives 2A 
and 1 differ only in the proportion of the various water handling methods and 
their associated disturbances. Approximately 36,263 acres would be disturbed by 
water handling facilities under this alternative (Table 2–23), an increase of 34 
percent over the water handling disturbance associated with Alternative 1. 

Alternative 2B 
Under Alternative 2B, the magnitude and type of effects would be similar to 
those presented under Alternative 1, with the exception of the contribution of 
disturbance associated with proposed water handling facilities. Alternatives 2B 
and 1 differ only in the proportion of the various water handling methods and 
their associated disturbances. Approximately 32,653 acres would be disturbed by 
water handling facilities under this alternative (Table 2–25), an increase of 21 
percent over the water handling disturbance associated with Alternative 1. 

Alternative 3 
Under Alternative 3, the types of effects to big game would be similar to those 
presented for Alternative 1. The magnitude of these effects would be substan-
tially smaller, however. Alternative 3 would result in the disturbance of 35 per-
cent of the amount of wildlife habitats (Table 2–32) that would be affected under 
Alternatives 1, 2A, and 2B because the total number of new wells would be re-
duced to 40 percent (Table 2–29). The effects from water handling would be es-
sentially the same as were discussed for Alternative 1; however, the magnitude of 
these effects would be smaller. Approximately 11,683 acres would be disturbed 
by water handling facilities under this alternative (Table 2–32), a decrease of 
57 percent from the water handling disturbance associated with Alternative 1. 
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Pronghorn 

Alternative 1 

Fences 
Barbed wire fences, which are common throughout the Project Area, can affect 
movements of pronghorn herds (Payne and Bryant 1994). New barbed wire 
fences would be constructed, primarily to keep wildlife and livestock out of con-
struction, production, and water handling facility areas. These fences would en-
close a small area and would not disrupt movement of pronghorn across the land-
scape. New fences would be constructed to meet BLM guidelines that are de-
signed to reduce the potential for wildlife entanglement. New fences that cross 
large areas would not be constructed. Fences would have only minimal effects on 
pronghorn, associated with the low potential for entanglement, and may prevent 
injury or mortality by keeping animals away from construction, production, and 
water handling facilities. 

Loss or Degradation of Habitats 
Almost 161,400 acres of pronghorn ranges would be disturbed during the life of 
the project (Table 4–30 and Table 4–31). This acreage represents slightly more 
than 2 percent of the total areal extent of ranges present in the Project Area. Cru-
cial winter-yearlong habitat would not be affected, less than 1 percent of severe 
winter and spring-summer-fall habitats would be affected, and between 2 and 
3 percent of winter, winter-yearlong, and yearlong habitats would be affected. 
The amount of unreclaimed disturbance at any time during implementation of the 
project would be less than these estimates, because as new areas are disturbed by 
development, other areas would be undergoing interim reclamation after devel-
opment is completed. 

Habitat Effectiveness 
Each of the direct and indirect impacts discussed above would reduce the ability 
of habitats to support pronghorn. Relatively little research on the effects of dis-
turbance on pronghorn has been completed. The analysis of habitat effectiveness 
therefore assumed that they are similar to mule deer and reduce their use of habi-
tats within one-eighth mile of disturbance (Rost and Bailey 1979). Table 4–29 
shows the estimated reduction in habitat effectiveness for each alternative. Based 
on this reduction, the proposed project would cause a substantial decrease in the 
effectiveness of habitats in the Project Area for pronghorn, which may lower the 
population.  

Population Effects 
The effects of the proposed project on pronghorn populations are difficult to pre-
dict because of the many unknown factors associated with each of the potential 
effects and the potential for a synergistic relationship among the individual ef-
fects. The large scale and widespread nature of the anticipated impacts, particu-
larly in terms of indirect impacts, suggest that some declines in pronghorns popu-
lations may occur. The degree of this potential decline is not known, but is not 
likely to occur to the extent that viability of the pronghorn population is com-
promised in the Project Area or across the range of the species as a whole. 
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Table 4–30 Direct Short-term and Long-term Effects to Pronghorn Ranges by Surface Owner — Alternative 1 

Surface Owner (acres) 
BLM   

BFO CFO FS State Private Total 

Range Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Crucial Winter Yearlong 0 0 0 0 0 0 0 0 0 0 0 0 
Severe Winter 0 0 0 0 19 16 0 0 8 7 28 24 
Spring, Summer, Fall 51 21 8 7 0 0 6 5 418 173 483 206 
Winter 784 297 0 0 0 0 220 99 2,478 1,134 3,481 1,531 
Winter Yearlong 3,538 1,291 8 7 799 330 1,990 788 43,370 16,525 49,706 18,941 
Yearlong 9,563 3,608 19 16 6,066 2,401 8,223 3,030 83,803 31,081 107,674 40,136 
Total 13,936 5,218 36 31 6,884 2,748 10,438 3,921 130,077 48,920 161,371 60,837 
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Table 4–31 Direct Short-term and Long-term Effects to Pronghorn Ranges by Sub-watershed – Alternative 1 

Range (acres) 
Crucial Winter 

Yearlong Severe Winter 
Spring, Summer, 

Fall Winter Winter Yearlong Yearlong Total 

Sub-watershed Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term Short term Long term 

Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Tongue River 0 0 0 0 0 0 0 0 510 179 6,658 2,417 7,168 2,596 
Middle Fork Powder River 0 0 0 0 14 12 0 0 22 19 3 2 39 33 
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 3 2 3 2 
Upper Powder River 0 0 0 0 3 2 2,777 1,021 20,322 7,396 23,156 8,412 46,257 16,832 
South Fork Powder River 0 0 0 0 0 0 0 0 0 0 8 7 8 7 
Salt Creek 0 0 0 0 14 12 0 0 389 139 177 79 579 229 
Crazy Woman Creek 0 0 0 0 0 0 0 0 3 2 11,368 3,985 11,371 3,987 
Clear Creek 0 0 0 0 0 0 0 0 2,011 720 8,811 3,122 10,822 3,843 
Middle Powder River 0 0 0 0 452 180 129 58 0 0 2,406 986 2,988 1,224 
Little Powder River 0 0 0 0 0 0 575 451 5,948 2,652 9,249 4,269 15,772 7,372 
Little Missouri River 0 0 0 0 0 0 0 0 8 7 217 186 226 193 
Antelope Creek 0 0 14 12 0 0 0 0 2,081 735 36,481 12,962 38,576 13,709 
Dry Fork Cheyenne River 0 0 14 12 0 0 0 0 25 21 96 82 135 115 
Upper Cheyenne River 0 0 0 0 0 0 0 0 1,345 497 1,837 737 3,182 1,234 
Lightning Creek 0 0 0 0 0 0 0 0 11 9 124 106 135 115 
Upper Belle Fourche River 0 0 0 0 0 0 0 0 16,957 6,499 7,049 2,757 24,006 9,256 
Middle North Platte River 0 0 0 0 0 0 0 0 74 63 30 26 105 89 
Total 0 0 28 24 483 206 3,481 1,531 49,706 18,941 107,674 40,136 161,371 60,837 
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Alternative 2A 
Under Alternative 2A, the magnitude and types of effects would be similar to 
those presented for Alternative 1, with the exception of the contribution of dis-
turbance associated with proposed water handling facilities. Alternatives 2A and 
1 differ only in the proportion of the various water handling methods and their 
associated disturbances, as discussed for big game species above. 

Alternative 2B 
Under Alternative 2B, the magnitude and types of effects would be similar to 
those presented for Alternative 1, with the exception of the contribution of dis-
turbance associated with proposed water handling facilities. Alternatives 2B and 
1 differ only in the proportion of the various water handling methods and their 
associated disturbances, as discussed for big game species above. 

Alternative 3 
Under Alternative 3, the types of effects to pronghorn would be similar to those 
presented for Alternative 1. The magnitude of these effects would be smaller; 
however. Alternative 3 would result in the disturbance of approximately 42 per-
cent of the amount of pronghorn habitats that would be affected under Alterna-
tives 1, 2A, and 2B, because the total number of new wells would be reduced to 
40 percent (Table 2–29). Table 4–32 and Table 4–33 show estimates of distur-
bance to pronghorn ranges for Alternative 3 by surface owner and sub-watershed. 
Each of the effects discussed for Alternative 1 would still occur; however, fewer 
individual pronghorn would be affected and any effects on herds would be re-
duced. The effects from water handling would be essentially the same as were 
discussed for Alternative 1; however, the magnitude of these effects would be 
smaller, as discussed for big game species above. The overall effect on prong-
horn populations in the Project Area would also be reduced. 

White-tailed Deer 

Alternative 1 

Loss or Degradation of Habitats 
There are approximately 766,000 acres of white-tailed deer ranges in the Project 
Area (Chapter 3 Wildlife). Approximately 9,800 acres of white-tailed deer ranges 
would be disturbed during the life of the project under Alternative 1 (Table 4–34 
and Table 4–35). Less than one-half of 1 percent of winter-yearlong habitat and 
slightly more than 1 percent of yearlong habitat would be affected. These esti-
mates represent the maximum disturbance that would occur during the life of the 
project. The amount of unreclaimed disturbance at any one time during project 
implementation would be less than these estimates, because as new areas are dis-
turbed by development, other areas would be undergoing interim reclamation 
after development is completed. 
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Table 4–32 Direct Short-term and Long-term Effects to Pronghorn Ranges by Surface Owner — Alternative 3 

Surface Owner (acres) 
BLM   

BFO CFO FS State Private Total 

Range Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Crucial Winter Yearlong 0 0 0 0 0 0 0 0 0 0 0 0 
Severe Winter 0 0 0 0 0 0 0 0 3 2 3 2 
Spring, Summer, Fall 0 0 0 0 0 0 0 0 56 26 56 26 
Winter 0 0 0 0 0 0 220 99 574 288 794 387 
Winter Yearlong 0 0 0 0 116 52 1,764 706 19,860 7,705 21,740 8,463 
Yearlong 3 2 0 0 1,045 388 7,757 2,862 36,331 13,421 45,135 16,673 
Total 3 2 0 0 1,161 440 9,741 3,667 56,824 21,442 67,729 25,551 
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Table 4–33 Direct Short-term and Long-term Effects to Pronghorn Ranges by Sub-watershed –Alternative 3 

Range (acres) 
Crucial Winter 

Yearlong Severe Winter 
Spring, Summer, 

Fall Winter Winter Yearlong Yearlong Total 

Sub-watershed Short 
term 

Long 
term

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Tongue River 0 0 0 0 0 0 0 0 405 141 5,966 2,158 6,371 2,299 
Middle Fork Powder River 0 0 0 0 0 0 0 0 8 7 3 2 11 9 
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 0 0 0 0 0 0 535 202 5,285 1,953 6,230 2,265 12,050 4,420 
South Fork Powder River 0 0 0 0 0 0 0 0 0 0 8 7 8 7 
Salt Creek 0 0 0 0 6 5 0 0 260 90 128 49 394 144 
Crazy Woman Creek 0 0 0 0 0 0 0 0 0 0 3,726 1,303 3,726 1,303 
Clear Creek 0 0 0 0 0 0 0 0 1,441 520 5,793 2,045 7,235 2,565 
Middle Powder River 0 0 0 0 51 21 29 16 0 0 441 197 521 233 
Little Powder River 0 0 0 0 0 0 229 169 2,842 1,268 4,443 1,900 7,514 3,338 
Little Missouri River 0 0 0 0 0 0 0 0 0 0 66 56 66 56 
Antelope Creek 0 0 0 0 0 0 0 0 1,098 387 12,726 4,508 13,823 4,895 
Dry Fork Cheyenne River 0 0 3 2 0 0 0 0 11 9 30 26 44 38 
Upper Cheyenne River 0 0 0 0 0 0 0 0 682 257 752 303 1,434 560 
Lightning Creek 0 0 0 0 0 0 0 0 8 7 61 52 69 59 
Upper Belle Fourche River 0 0 0 0 0 0 0 0 9,670 3,798 4,745 1,788 14,415 5,586 
Middle North Platte River 0 0 0 0 0 0 0 0 30 26 17 14 47 40 
Total 0 0 3 2 56 26 794 387 21,740 8,463 45,135 16,673 67,729 25,551 
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Table 4–34 Direct Short-term and Long-term Effects to White-tailed Deer Ranges by Surface Owner — Alternative 1 

Surface Owner (acres) 
BLM   

BFO CFO FS State Private Total 

Range Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Winter Yearlong 0 0 0 0 0 0 0 0 19 16 19 16 
Yearlong 354 138 0 0 96 43 800 298 8,530 3,297 9,780 3,776 
Total 354 138 0 0 96 43 800 298 8,549 3,313 9,800 3,793 
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Table 4–35 Direct Short-term and Long-term Effects to White-tailed Deer Ranges by Sub-watershed — Alternative 1 

Range (acres) 
Winter Yearlong Yearlong Total 

Sub-watershed Short term Long term Short term Long term Short term Long term 
Little Bighorn River 0 0 8 7 8 7 
Upper Tongue River 0 0 2,880 1,062 2,880 1,062 
Middle Fork Powder River 0 0 8 7 8 7 
North Fork Powder River 0 0 0 0 0 0 
Upper Powder River 0 0 2,062 744 2,062 744 
South Fork Powder River 0 0 3 2 3 2 
Salt Creek 0 0 0 0 0 0 
Crazy Woman Creek 0 0 643 222 643 222 
Clear Creek 0 0 2,717 936 2,717 936 
Middle Powder River 19 16 46 19 66 36 
Little Powder River 0 0 1,060 626 1,060 626 
Little Missouri River 0 0 0 0 0 0 
Antelope Creek 0 0 236 86 236 86 
Dry Fork Cheyenne River 0 0 6 5 6 5 
Upper Cheyenne River 0 0 0 0 0 0 
Lightning Creek 0 0 0 0 0 0 
Upper Belle Fourche River 0 0 111 60 111 60 
Middle North Platte River 0 0 0 0 0 0 
Total 19 16 9,780 3,776 9,800 3,793 
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Habitat Effectiveness 
Each of the direct and indirect impacts discussed above would reduce the ability 
of habitats to support white-tailed deer. The analysis of habitat effectiveness 
therefore assumed that white-tailed deer are similar to mule deer and reduce their 
use of habitats within one-eighth mile of disturbance (Rost and Bailey 1979). 
Table 4–28 shows the estimated reduction in habitat effectiveness for each alter-
native. Based on this reduction, the proposed project would cause a minor de-
crease in the effectiveness of habitats in the Project Area for white-tailed deer, 
which may result in a small decrease in population.  

Population Effects 
The effects of the proposed project on populations of white-tailed deer are diffi-
cult to predict because of the many unknown factors associated with each of the 
potential effects and the potential for a synergistic relationship among the indi-
vidual effects. The moderate scale and widespread nature of the anticipated im-
pacts, particularly in terms of indirect impacts, suggest that some declines in 
populations of white-tailed deer may occur. The degree of this potential decline 
is not known, but is not likely to occur to the extent that viability of the popula-
tion of white-tailed deer is compromised in the Project Area or across the range 
of the species as a whole.  

Alternative 2A 
Under Alternative 2A, the magnitude and types of effects would be similar to 
those presented for Alternative 1, with the exception of the contribution of dis-
turbance associated with proposed water handling facilities. Alternatives 2A and 
1 differ only in the proportion of the various water handling methods and their 
associated disturbances, as discussed for big game species above.  

Alternative 2B 
Under Alternative 2B, the magnitude and types of effects would be similar to 
those presented for Alternative 1, with the exception of the contribution of dis-
turbance associated with proposed water handling facilities. Alternatives 2B and 
1 differ only in the proportion of the various water handling methods and their 
associated disturbances, as discussed for big game species above. 

Alternative 3 
Under Alternative 3, the types of effects to white-tailed deer would be similar to 
those presented for Alternative 1. The magnitude of these effects would be sub-
stantially smaller, however. Alternative 3 would result in the disturbance of 
78 percent of the amount of white-tailed deer habitats that would be affected un-
der Alternatives 1, 2A, and 2B, because the total number of new wells would be 
reduced to 40 percent (Table 2–29). Table 4–36 and Table 4–37 show estimates 
of disturbance to white-tailed deer ranges for Alternative 3 by surface owner and 
sub-watershed. Each of the effects discussed for Alternative 1 would still occur; 
however, fewer individual white-tailed deer would be affected and any effects on 
herds would be reduced. The effects from water handling would be essentially 
the same as were discussed for Alternative 1; however, the magnitude of these 
effects would be smaller, as discussed for big game species above. The overall 
effect on populations of white-tailed deer in the Project Area would also be re-
duced. 
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Table 4–36 Direct Short-term and Long-term Effects to White-tailed Deer Ranges by Surface Owner — Alternative 3 

Surface Owner (acres) 

BLM   

BFO CFO FS State Private Total 

Range 
Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Winter Yearlong 0 0 0 0 0 0 0 0 11 9 11 9 
Yearlong 0 0 0 0 8 7 800 298 6,802 2,560 7,610 2,864 

Total 0 0 0 0 8 7 800 298 6,813 2,569 7,621 2,874 
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Table 4–37 Direct Short-term and Long-term Effects to White-tailed Deer Ranges by Sub-watershed — Alternative 3 

Range (acres) 
Winter Yearlong Yearlong Total 

Sub-watershed Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Little Bighorn River 0 0 8 7 8 7 
Upper Tongue River 0 0 2,791 1,030 2,791 1,030 
Middle Fork Powder River 0 0 6 5 6 5 
North Fork Powder River 0 0 0 0 0 0 
Upper Powder River 0 0 1,215 444 1,215 444 
South Fork Powder River 0 0 3 2 3 2 
Salt Creek 0 0 0 0 0 0 
Crazy Woman Creek 0 0 314 111 314 111 
Clear Creek 0 0 2,403 832 2,403 832 
Middle Powder River 11 9 18 6 29 16 
Little Powder River 0 0 665 347 665 347 
Little Missouri River 0 0 0 0 0 0 
Antelope Creek 0 0 103 36 103 36 
Dry Fork Cheyenne River 0 0 3 2 3 2 
Upper Cheyenne River 0 0 0 0 0 0 
Lightning Creek 0 0 0 0 0 0 
Upper Belle Fourche River 0 0 82 41 82 41 
Middle North Platte River 0 0 0 0 0 0 
Total 11 9 7,610 2,864 7,621 2,874 
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Mule Deer 

Alternative 1 

Loss or Degradation of Habitats 
Approximately 134,133 acres of mule deer ranges would be disturbed during the 
life of the project under Alternative 1 (Table 4–38 and Table 4–39). This acreage 
represents slightly less than 2 percent of the total amount of ranges in the Project 
Area. Slightly less than 2 percent of winter-yearlong habitat would be disturbed 
during the life of the project. Two percent of yearlong range would be disturbed. 
Only one-tenth of 1 percent of spring, summer, and fall range would be disturbed 
under Alternative 1. These estimates represent the maximum disturbance that 
would occur during the life of the project. The amount of unreclaimed distur-
bance at any time during project implementation would be less than these esti-
mates, because as new areas are disturbed by development, other areas would be 
undergoing interim reclamation after development is completed. 

Habitat Effectiveness 
Each of the direct and indirect effects discussed above would reduce the ability 
of habitats to support mule deer. Existing literature was used for the analysis of 
habitat effectiveness (Rost and Bailey 1979), which shows that mule deer reduce 
their use of habitats within one-eighth mile of disturbance. Table 4–28 shows the 
estimated reduction in habitat effectiveness for each alternative. Based on this 
reduction, the proposed project would cause a decrease in the effectiveness of 
habitats in the Project Area for mule deer, which may result in a decrease in the 
population. 

Population Effects 
The effects of the proposed project on mule deer populations are difficult to pre-
dict because of the many unknown factors associated with each of the potential 
effects and the potential for a synergistic relationship among the individual ef-
fects. The large scale and widespread nature of the anticipated effects , particu-
larly in terms of indirect effects, suggest that some declines in mule deer popula-
tions may occur. The degree of this potential decline is not known, but is not 
likely to occur to the extent that viability of the mule deer population is compro-
mised in the Project Area or across the range of the species as a whole. 

Alternative 2A 
Under Alternative 2A, the magnitude and types of effects would be similar to 
those presented for Alternative 1, with the exception of the contribution of dis-
turbance associated with proposed water handling facilities. Alternatives 2A and 
1 differ only in the proportion of the various methods used to handle produced 
water and their associated disturbances, as discussed for big game species above.  

Alternative 2B 
Under Alternative 2B, the magnitude and type of effects would be similar to 
those presented for Alternative 1, with the exception of the contribution of dis-
turbance associated with proposed water handling facilities. Alternatives 2B and 
1 differ only in the proportion of the various water handling methods and their 
associated disturbances, as discussed for big game species above. 
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Table 4–38 Direct Short-term and Long-term Effects to Mule Deer Ranges by Surface Owner — Alternative 1 

Surface Owner (acres) 
BLM  

BFO CFO FS State Private Total 

Range Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Spring, Summer, Fall 6 5 0 0 0 0 0 0 11 9 17 14 
Winter Yearlong 12,845 4,790 11 9 577 467 5,002 1,897 50,369 19,204 68,804 26,367 
Yearlong 5,605 2,104 25 21 1,256 483 3,060 1,182 55,367 20,924 65,313 24,715 
Total 18,456 6,899 36 31 1,832 950 8,062 3,079 105,748 40,137 134,133 51,096 
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Table 4–39 Direct Short-term and Long-term Effects to Mule Deer Ranges by Sub-watershed — Alternative 1 

Range (acres) 
Spring, Summer, Fall Winter Yearlong Yearlong Total 

Sub-watershed Short term Long term Short term Long term Short term Long term Short term Long term 
Little Bighorn River 0 0 14 12 0 0 14 12 
Upper Tongue River 0 0 7,428 2,688 22 19 7,450 2,707 
Middle Fork Powder River 14 12 52 45 0 0 66 56 
North Fork Powder River 0 0 0 0 3 2 3 2 
Upper Powder River 0 0 33,032 12,014 20,650 7,515 53,682 19,530 
South Fork Powder River 0 0 6 5 3 2 8 7 
Salt Creek 0 0 992 358 169 72 1,161 430 
Crazy Woman Creek 0 0 8,249 2,893 3,125 1,096 11,374 3,990 
Clear Creek 3 2 10,802 3,823 1,029 372 11,834 4,198 
Middle Powder River 0 0 2,416 1,013 807 327 3,224 1,340 
Little Powder River 0 0 4,667 2,925 8,197 3,472 12,863 6,397 
Little Missouri River 0 0 259 221 0 0 259 221 
Antelope Creek 0 0 803 298 19,566 6,976 20,369 7,274 
Dry Fork Cheyenne River 0 0 36 31 99 85 135 115 
Upper Cheyenne River 0 0 0 0 1,159 476 1,159 476 
Lightning Creek 0 0 14 12 121 103 135 115 
Upper Belle Fourche River 0 0 6 5 10,289 4,133 10,294 4,138 
Middle North Platte River 0 0 30 26 74 63 105 89 
Total 17 14 68,804 26,367 65,313 24,715 134,133 51,096 
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Alternative 3 
Under Alternative 3, the types of effects to mule deer would be similar to those 
presented for Alternative 1. The magnitude of these effects would be a lot 
smaller; however. Alternative 3 would result in the disturbance of 38 percent of 
the amount of mule deer habitats that would be affected under Alternatives 1, 2A, 
and 2B, because the total number of new wells would be reduced to 40 percent 
(Table 2–29). Table 4–40 and Table 4–41 show estimates of disturbance to mule 
deer ranges for Alternative 3 by surface owner and sub-watershed. Each of the 
effects discussed for Alternative 1 would still occur; however, fewer individual 
mule deer would be affected, and any effects on herds would be reduced. The 
effects from water handling would be essentially the same as were discussed for 
Alternative 1; however, the magnitude of these effects would be smaller, as dis-
cussed for big game species above. The overall effect on mule deer populations 
in the Project Area would also be reduced. 

Elk 
Alternative 1 

Loss or Degradation of Habitats 
This analysis applies primarily to elk and elk ranges that occur within the Fortifi-
cation Creek area in the Upper Powder River sub-watershed. This area contains 
several overlapping elk ranges and is expected to experience disturbance from 
the construction and operation of CBM wells, non-CBM wells, compressors, and 
water handling facilities. Elk ranges exist outside of the Fortification Creek area 
along the southern and western boundaries of the Project Area but would be dis-
turbed only by the construction of non-CBM wells. The total disturbance in these 
ranges outside of Fortification Creek would be 160 acres out of 610,000 acres of 
ranges. These disturbances are presented in Table 4–42 and Table 4–43 for sur-
face owner and sub-watersheds. The level of disturbance to elk and their ranges 
outside of Fortification Creek would not result in detrimental effects to seasonal 
habitat use, herd movements, or herd condition because of the small proportion 
(less than one-tenth of 1 percent) of habitats that would be disturbed. 

There are approximately 122,931 acres of elk ranges in the Fortification Creek 
area. Because of overlap, it is not appropriate to sum the totals of each range to 
estimate the total acres of range within this area. Crucial winter, parturition, win-
ter yearlong, and yearlong ranges occur with varying degrees of overlap in the 
Fortification Creek area. Estimated disturbances to each range type within the 
Fortification Creek area are presented by surface owner in Table 4–44. All dis-
turbances to the Fortification Creek area would occur in the Upper Powder River 
sub-watershed. The greatest proportion of disturbance to a single range type 
would be 4 percent for yearlong range. Approximately 1 percent of crucial winter 
and parturition ranges and 2 percent of winter yearlong range would be disturbed 
over the life of the project. These estimates represent the maximum disturbance 
that would occur during the life of the project. The amount of unreclaimed dis-
turbance at any time during project implementation would be less than these es-
timates, because as new areas are disturbed by development, other areas would 
be undergoing interim reclamation after development is completed. 
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Table 4–40 Direct Short-term and Long-term Effects to Mule Deer Ranges by Surface Owner — Alternative 3 

Surface Owner (acres) 
BLM   

BFO CFO FS State Private Total 

Range Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Spring, Summer, Fall 0 0 0 0 0 0 0 0 6 5 6 5 
Winter Yearlong 3 2 0 0 63 54 4,860 1,838 21,578 8,131 26,504 10,025 
Yearlong 0 0 0 0 72 32 2,922 1,122 21,230 8,037 24,224 9,191 
Total 3 2 0 0 136 86 7,783 2,959 42,813 16,173 50,734 19,220 
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Table 4–41 Direct Short-term and Long-term Effects to Mule Deer Ranges by Sub-watershed — Alternative 3 

Range (acres) 
Spring, Summer, Fall Winter Yearlong Yearlong Total 

Sub-watershed Short term Long term Short term Long term Short term Long term Short term Long term 
Little Bighorn River 0 0 14 12 0 0 14 12 
Upper Tongue River 0 0 6,579 2,372 17 14 6,595 2,386 
Middle Fork Powder River 3 2 19 16 0 0 22 19 
North Fork Powder River 0 0 0 0 0 0 0 0 
Upper Powder River 0 0 7,011 2,557 5,205 1,921 12,216 4,479 
South Fork Powder River 0 0 6 5 3 2 8 7 
Salt Creek 0 0 458 162 104 41 562 202 
Crazy Woman Creek 0 0 2,409 841 1,320 465 3,729 1,306 
Clear Creek 3 2 7,386 2,605 704 255 8,092 2,863 
Middle Powder River 0 0 285 134 265 115 550 249 
Little Powder River 0 0 1,879 1,083 3,040 1,264 4,919 2,347 
Little Missouri River 0 0 91 78 0 0 91 78 
Antelope Creek 0 0 322 120 7,354 2,605 7,675 2,724 
Dry Fork Cheyenne River 0 0 14 12 30 26 44 38 
Upper Cheyenne River 0 0 0 0 546 235 546 235 
Lightning Creek 0 0 6 5 63 54 69 59 
Upper Belle Fourche River 0 0 6 5 5,550 2,173 5,555 2,177 
Middle North Platte River 0 0 22 19 25 21 47 40 
Total 6 5 26,504 10,025 24,224 9,191 50,734 19,220 
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Table 4–42 Direct Short-term and Long-term Effects to Elk Ranges (excluding Fortification Creek) by Surface Owner — 
Alternative 1 

Surface Owner (acres) 
BLM   

BFO CFO FS State Private Total 

Range Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Crucial Winter 0 0 0 0 0 0 3 2 0 0 3 2 
Crucial Winter Yearlong 6 5 0 0 0 0 8 7 8 7 22 19 
Spring, Summer, Fall 3 2 0 0 0 0 0 0 6 5 8 7 
Winter 0 0 0 0 0 0 0 0 8 7 8 7 
Winter Yearlong 0 0 0 0 6 5 0 0 6 5 11 9 
Yearlong 6 5 14 12 19 16 3 2 66 56 107 92 
Total 14 12 14 12 25 21 14 12 94 80 160 136 
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Table 4–43 Direct Short-term and Long-term Effects to Elk Ranges (excluding Fortification Creek) by Sub-watershed — Alternative 1 

Range (acres) 

Crucial Winter Crucial Winter 
Yearlong 

Spring, 
Summer, Fall Winter Winter 

Yearlong Yearlong Total 

Sub-watershed Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Tongue River 3 2 0 0 0 0 0 0 0 0 0 0 3 2 
Middle Fork Powder River 0 0 22 19 6 5 0 0 0 0 0 0 28 24 
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 3 2 3 2 
Upper Powder River 0 0 0 0 0 0 0 0 0 0 19 16 19 16 
South Fork Powder River 0 0 0 0 0 0 0 0 0 0 3 2 3 2 
Salt Creek 0 0 0 0 0 0 0 0 0 0 14 12 14 12 
Crazy Woman Creek 0 0 0 0 0 0 3 2 0 0 0 0 3 2 
Clear Creek 0 0 0 0 3 2 6 5 0 0 0 0 8 7 
Middle Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Little Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Little Missouri River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Antelope Creek 0 0 0 0 0 0 0 0 3 2 25 21 28 24 
Dry Fork Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Cheyenne River 0 0 0 0 0 0 0 0 8 7 39 33 47 40 
Lightning Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Belle Fourche River 0 0 0 0 0 0 0 0 0 0 6 5 6 5 
Middle North Platte River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 3 2 22 19 8 7 8 7 11 9 107 92 160 136 
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Table 4–44 Direct Short-term and Long-term Effects to Elk Ranges (Fortification Creek only) by Surface Owner — Alternative 1 

Surface Owner (acres) 
BLM   

BFO CFO FS State Private Total 

Range Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Crucial Winter 183 69 0 0 0 0 74 28 578 216 835 313 
Parturition 649 240 0 0 0 0 119 45 723 273 1,491 557 
Winter Yearlong 1,038 375 0 0 0 0 252 91 1,050 388 2,341 854 
Yearlong 1,963 717 0 0 0 0 327 118 2,020 746 4,310 1,580 
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Habitat Effectiveness 
Each of the direct and indirect effects discussed above would reduce the ability 
of habitats to support elk. Numerous studies suggest that elk move considerable 
distances to avoid disturbance (Cole et al. 1997, Edge and Marcum 1985, Lyon 
1979, Perry and Overly 1976, Rowland et al. 2000, Ward 1976). Existing litera-
ture was used in the analysis of habitat effectiveness (Lyon 1979, Ward 1976), 
which shows that elk reduce their use of habitats within one-half mile of distur-
bance. Table 4–28 shows the estimated reduction in habitat effectiveness for each 
sub-watershed by each alternative. Based on this reduction, the proposed project 
would cause a moderate decrease in the effectiveness of habitats in the Project 
Area for elk, which may result in decreased population. The effect of oil and gas 
development may be more severe within herd management units that support elk 
populations that are at or near carrying capacity. 

Population Effects 
The effects of the proposed project on elk populations are difficult to predict be-
cause of the many unknown factors associated with each of the potential effects 
and the potential for a synergistic relationship among the individual effects. The 
moderate scale and spatially limited nature of the anticipated impacts, particu-
larly in terms of indirect impacts, suggest that some declines in elk populations 
may occur. The degree of this potential decline is not known, but is not likely to 
occur to the extent that viability in the elk population is compromised in the Pro-
ject Area or across the range of the species as a whole.  

Alternative 2A 
Under Alternative 2A, the magnitude and type of effects would be similar to 
those presented for Alternative 1, with the exception of the contribution of dis-
turbance associated with proposed water handling facilities. Alternatives 2A and 
1 differ only in the proportion of the various water handling methods and their 
associated disturbances, as discussed for big game species above.  

Alternative 2B 
Under Alternative 2B, the magnitude and type of effects would be similar to 
those presented for Alternative 1, with the exception of the contribution of dis-
turbance associated with proposed water handling facilities. Alternatives 2B and 
1 differ only in the proportion of the various water handling methods and their 
associated disturbances, as discussed for big game species above. 

Alternative 3 
Under Alternative 3, the types of effects to elk would be similar to those pre-
sented for Alternative 1. The magnitude of these effects would be considerably 
smaller. Alternative 3 would result in the disturbance of 16 percent of the amount 
of elk habitats that would be affected under Alternatives 1, 2A, and 2B, because 
the total number of new wells would be reduced to 40 percent (Table 2–29). 
Table 4–45 and Table 4–46 show estimates of disturbance to elk ranges for 
Alternative 3 outside of the Fortification Creek area by surface owner and sub-
watershed. Table 4–47 shows estimates of disturbance to elk ranges for Alterna-
tive 3 in the Fortification Creek area by surface owner. All disturbances to the 
Fortification Creek area would occur in the Upper Powder River sub-watershed. 
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Table 4–45 Direct Short-term and Long-term Effects to Elk Ranges (excluding Fortification Creek) by Surface Owner — 
Alternative 3 

Surface Owner (acres) 
BLM   

BFO CFO FS State Private Total 

Range Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Crucial Winter Yearlong 0 0 0 0 0 0 0 0 3 2 3 2 
Crucial Winter 0 0 0 0 0 0 3 2 0 0 3 2 
Spring, Summer, Fall 0 0 0 0 0 0 0 0 3 2 3 2 
Winter 0 0 0 0 0 0 0 0 6 5 6 5 
Winter Yearlong 0 0 0 0 0 0 0 0 0 0 0 0 
Yearlong 0 0 0 0 0 0 3 2 17 14 19 16 
Total 0 0 0 0 0 0 6 5 28 24 33 28 
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Table 4–46 Direct Short-term and Long-term Effects to Elk Ranges (excluding Fortification Creek) by Sub-watershed — Alternative 3 

Range (acres) 
Crucial Winter 

Yearlong Crucial Winter Spring, 
Summer, Fall Winter Winter 

Yearlong Yearlong Total 

Sub-watershed Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Tongue River 3 2 3 2 0 0 0 0 0 0 0 0 6 5 
Middle Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 0 0 0 0 0 0 0 0 0 0 3 2 3 2 
South Fork Powder River 0 0 0 0 0 0 0 0 0 0 3 2 3 2 
Salt Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crazy Woman Creek 0 0 0 0 0 0 3 2 0 0 0 0 3 2 
Clear Creek 0 0 0 0 3 2 3 2 0 0 0 0 6 5 
Middle Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Little Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Little Missouri River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Antelope Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dry Fork Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Cheyenne River 0 0 0 0 0 0 0 0 0 0 8 7 8 7 
Lightning Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Belle Fourche River 0 0 0 0 0 0 0 0 0 0 6 5 6 5 
Middle North Platte River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 3 2 3 2 3 2 6 5 0 0 19 16 33 28 
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Table 4–47 Direct Short-term and Long-term Effects to Elk Ranges (Fortification Creek only) by Surface Owner — Alternative 3 

Surface Owner (acres) 
BLM   

Buffalo FO Casper FO FS State Private Total 

Range Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Crucial Winter Range 0 0 0 0 0 0 74 28 45 18 120 46 
Parturition 0 0 0 0 0 0 119 45 34 15 154 60 
Winter Yearlong 0 0 0 0 0 0 252 91 85 32 337 123 
Yearlong 0 0 0 0 0 0 327 118 366 135 693 253 
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Each of the effects discussed for Alternative 1 would still occur; however, fewer 
individual elk would be affected and any effects on herds would be reduced. The 
effects from water handling would be essentially the same as were discussed for 
Alternative 1; however, the magnitude of these effects would be smaller, as dis-
cussed for big game species above. The overall effect on elk populations in the 
Project Area would also be reduced. 

Moose 
Under each of the four alternatives, activities associated with the project would 
not affect any of the five moose ranges that occur in the Project Area and are not 
expected to have any effects on individual moose or moose populations. 

Cumulative Effects 
Implementation of each of the alternatives would contribute to cumulative effects 
to big game species in the Project Area. Cumulative short- and long-term distur-
bance to big game species by alternative and sub-watershed are presented for 
pronghorn in Table 4–48, for white-tailed deer in Table 4–49, for mule deer in 
Table 4–50, and for elk in Table 4–51. The cumulative effects are presented as a 
percentage of the amount of habitats for each species in each sub-watershed. Ex-
isting and proposed disturbance from project activities, including water handling, 
were included in the calculations. For water handling disturbance, an assumption 
was made that each big game range would be disturbed in proportion to its extent 
in each sub-watershed. Additional oil and gas development (conventional and 
CBM) may occur later beyond the level of development considered in this analy-
sis. The data for Alternative 3 do not include potential new federal wells that 
would be developed in response to drainage caused by production on adjacent 
state or fee minerals. Other activities that contribute to cumulative effects to 
wildlife in the Project Area include coal mining; uranium mining; sand, gravel, 
and scoria mining; ranching; agriculture; road and railroad construction; and rural 
and urban housing development. The cumulative effects of these impacts on 
wildlife habitats are discussed in the section on Vegetation. 

The total acreage affected by development of CBM would not be disturbed si-
multaneously because development would occur over the life of the project. 
Some of the disturbed acreage would be reclaimed or would be in the process of 
being reclaimed when new disturbances are initiated. Development of CBM is 
expected to occur at a rate faster than abandonment and reclamation of wells. In 
the near future, the amount of disturbed habitats is likely to increase, although the 
anticipated life of CBM wells indicates that reclamation would eventually over-
take development of new wells, resulting in a net decrease in disturbed vegeta-
tion for the long term. In areas reclaimed after development of CBM, vegetation 
often differs from undisturbed areas, as discussed in the section on Vegetation. 
As a result, shifts in habitat composition or distribution could affect big game 
species within the Project Area. 
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Table 4–48 Cumulative Habitat Disturbance for Pronghorn by Sub-watershed and Alternative  (calculated as a percentage of the total 
extent of pronghorn ranges in the Project Area) 

Alternative 
1 2A 2B 3 

Sub-watershed Short term Long term Short term Long term Short term Long term Short term Long term 
Little Bighorn River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Tongue River 1.8 1.0 1.9 1.1 1.8 1.0 1.6 0.8 
Middle Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
North Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Powder River 4.4 2.3 4.8 2.7 4.7 2.6 1.5 0.9 
South Fork Powder River 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Salt Creek 0.5 0.2 0.5 0.2 0.5 0.2 0.3 0.2 
Crazy Woman Creek 2.7 1.2 2.9 1.5 2.9 1.4 0.9 0.4 
Clear Creek 3.0 1.5 3.1 1.7 3.0 1.6 2.0 1.0 
Middle Powder River 4.1 3.1 4.2 3.2 4.2 3.2 2.4 2.3 
Little Powder River 3.5 2.4 3.6 2.4 3.5 2.4 2.3 1.7 
Little Missouri River 0.8 0.7 0.8 0.7 0.8 0.7 0.3 0.3 
Antelope Creek 6.5 2.7 6.4 2.7 6.4 2.7 2.6 1.2 
Dry Fork Cheyenne River 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Upper Cheyenne River 2.8 1.7 2.8 1.7 2.8 1.7 1.8 1.3 
Lightning Creek 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Upper Belle Fourche River 5.5 3.7 5.4 3.6 5.4 3.6 4.1 3.0 
Middle North Platte River 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Total 3.3 1.8 3.4 2.0 3.4 1.9 1.7 1.1 
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Table 4–49 Cumulative Habitat Disturbance for White-tailed Deer by Sub-watershed and Alternative (calculated as a percentage of 
the total extent of white-tailed deer ranges in the Project Area) 

Alternative 
1 2A 2B 3 

Sub-watershed Short term Long term Short term Long term Short term Long term Short term Long term 
Little Bighorn River 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.0 
Upper Tongue River 1.6 0.9 1.7 1.0 1.6 0.9 1.5 0.8 
Middle Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
North Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Powder River 4.6 2.7 5.0 3.1 4.9 3.0 2.9 1.8 
South Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Salt Creek 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Crazy Woman Creek 1.4 0.8 1.7 1.1 1.6 1.0 0.7 0.4 
Clear Creek 2.9 1.6 3.1 1.7 3.0 1.6 2.5 1.3 
Middle Powder River 1.0 0.8 1.1 0.9 1.1 0.9 0.5 0.5 
Little Powder River 1.6 1.1 1.6 1.2 1.6 1.1 1.1 0.8 
Little Missouri River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Antelope Creek 1.6 0.7 1.5 0.7 1.5 0.7 0.7 0.3 
Dry Fork Cheyenne River 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Upper Cheyenne River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Lightning Creek 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Upper Belle Fourche River 2.0 1.6 1.9 1.5 1.9 1.5 1.5 1.2 
Middle North Platte River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total 1.9 1.1 2.0 1.2 2.0 1.2 1.4 0.8 
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Table 4–50 Cumulative Habitat Disturbance for Mule Deer by Sub-watershed and Alternative (calculated as a percentage of the total 
extent of mule deer ranges in the Project Area) 

Alternative 
1 2A 2B 3 

Sub-watershed Short term Long term Short term Long term Short term Long term Short term Long term 
Little Bighorn River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Tongue River 1.5 0.8 1.6 0.9 1.5 0.8 1.3 0.7 
Middle Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
North Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Powder River 4.5 2.3 4.9 2.7 4.8 2.6 1.3 0.8 
South Fork Powder River 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Salt Creek 0.9 0.4 0.9 0.4 0.9 0.4 0.4 0.2 
Crazy Woman Creek 2.5 1.1 2.7 1.4 2.7 1.3 0.8 0.4 
Clear Creek 2.9 1.5 3.1 1.7 2.9 1.5 2.0 1.0 
Middle Powder River 3.4 2.6 3.5 2.6 3.5 2.6 2.0 1.8 
Little Powder River 2.9 2.0 2.9 2.0 2.8 2.0 1.7 1.4 
Little Missouri River 0.8 0.7 0.8 0.7 0.8 0.7 0.3 0.3 
Antelope Creek 3.9 1.7 3.9 1.7 3.9 1.7 1.6 0.8 
Dry Fork Cheyenne River 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Upper Cheyenne River 1.7 1.2 1.7 1.2 1.6 1.2 1.2 0.9 
Lightning Creek 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Upper Belle Fourche River 4.5 3.1 4.4 3.0 4.4 3.0 3.2 2.4 
Middle North Platte River 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Total 2.6 1.5 2.7 1.6 2.7 1.5 1.3 0.8 
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Table 4–51 Cumulative Habitat Disturbance for Elk (excluding Fortification Creek) by Sub-watershed and Alternative (calculated as 
a percentage of the total extent of elk ranges in the Project Area) 

Alternative 
1 2A 2B 3 

Sub-watershed Short term Long term Short term Long term Short term Long term Short term Long term 
Little Bighorn River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Tongue River 0.3 0.3 0.4 0.4 0.4 0.4 0.3 0.3 
Middle Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
North Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Powder River 0.9 0.9 1.3 1.3 1.2 1.2 0.3 0.3 
South Fork Powder River 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Salt Creek 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 
Crazy Woman Creek 0.4 0.4 0.6 0.6 0.6 0.6 0.1 0.1 
Clear Creek 0.7 0.7 0.8 0.8 0.7 0.7 0.5 0.4 
Middle Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Little Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Little Missouri River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Antelope Creek 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 
Dry Fork Cheyenne River 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 
Upper Cheyenne River 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 
Lightning Creek 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Belle Fourche River 0.6 0.6 0.5 0.5 0.5 0.5 0.4 0.4 
Middle North Platte River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total 0.5 0.5 0.6 0.6 0.6 0.6 0.3 0.3 
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Raptors 
A variety of raptors inhabits the Project Area and makes use of all habitats pre-
sent. Several of these species are discussed in the section on Threatened, Endan-
gered, or Sensitive Species. The effects to general raptor habitats are essentially 
the same as effects to vegetation. Possible effects to raptors include: increased 
direct mortality (including poaching, collisions with power lines and vehicles, 
and electrocution on power lines); the introduction of new perches; direct loss or 
degradation of habitats; indirect disturbance from human activity (including har-
assment, displacement, noise, and degradation or loss of habitats important to 
prey species); habitat fragmentation; and changes in population levels. Each of 
these effects is discussed below. 

Alternative 1 

Direct Mortality 
Raptors may be affected in several ways. Construction would not cause direct 
injury or mortality because raptors would avoid disturbance associated with con-
struction. Mitigation measures included as part of the proposed project would 
limit activities in nesting habitats, further minimizing the potential for direct in-
jury or mortality to individual raptors. Poaching, vehicle collision, and collision 
with and electrocution by power lines could cause direct mortality of raptors. 
Any mortality of raptors would be in violation of the Migratory Bird Treaty Act 
(MBTA). 

Many miles of new roads would be constructed as part of the proposed project 
(Table 2–5). These roads would increase access to public lands in the Project 
Area. Because of this increase in access, illegal shooting of raptors also may in-
crease. However, any increase in illegal shooting is expected to have minimal 
effect on raptors because of the high proportion of private lands where new pub-
lic access would not be created. 

Increased vehicle traffic is anticipated in association with all phases of the pro-
ject. The literature on avian mortality caused by collision with vehicles is re-
viewed by Erickson et al. (2001). Most birds killed by vehicle collision are pas-
serines, although raptors, particularly owls, are also killed. Raptors may be struck 
by vehicles while they hunt or feed on carrion near roads. Most raptors do not 
focus their foraging efforts on carrion (Ehrlich et al. 1988), however, reducing 
their potential for being struck by vehicles along roads. The potential for vehicle 
collisions would be directly correlated with the volume of traffic. Project-related 
traffic is expected to be greatest during the construction phase and to gradually 
diminish during the production and reclamation/abandonment phases. The use of 
speed limits on project roads would reduce the potential for collisions; however, 
most collisions occur on county roads and highways, where speeds are higher 
and are regulated by the state, not BLM. Foraging raptors tend to avoid areas of 
heavy traffic, further reducing their potential for being struck by vehicles on busy 
roads. Overall, a 25 percent or more increase in traffic is anticipated (Chapter 4, 
Transportation), which may result in a similar increase in mortality to raptors. 
This increase would be in addition to a reported doubling (from 17 to 32) in rap-
tor collisions since large-scale development of CBM began in the Project Area 
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(Seacross 2002). This impact is not expected to have a substantial effect on raptor 
populations because of the low incidence of mortalities from vehicle collisions, 
compared with the relatively large size of the raptor population in the Project 
Area. 

The presence of new aboveground power lines may increase the potential for rap-
tor collisions. The literature on avian mortality caused by collision with power 
lines is reviewed by Erickson et al. (2001). Water birds and waterfowl are the 
most common groups of birds killed by collision with power lines. Raptors also 
collide with power lines; however, the proportion of raptor mortalities attributed 
to collision is minimal compared with mortalities attributed to electrocutions 
(Erickson et al. 2001). Specific measures that would help reduce the potential for 
raptor collision with power lines, such as burying lines where feasible and avoid-
ing areas of high avian use (wetlands, prairie dog towns, and grouse leks), would 
be implemented. This impact is not expected to have a considerable effect on the 
raptor population because of the low incidence of mortalities from collisions with 
power lines compared with the relatively large size of raptor populations in the 
Project Area. 

The presence of new aboveground power lines could increase the potential for 
raptor electrocutions. All aboveground structures would be designed and 
equipped with Avian Power Line Interaction Committee (APLIC) (1996) devices 
intended to prevent and reduce the risk of electrocution to perching raptors. 
Power lines to facilities would be constructed underground where practical. 
These lines are expected to account for most of the new lines constructed. Since 
1997, the number of collisions and electrocutions reported for eagles, both 
golden and bald, has steadily increased each year within the PRB. Seacross 
(2002) reported 83 golden eagles and 2 bald eagles were electrocuted during 
2001. Other electrocutions of eagles have likely gone unreported, as have elec-
trocutions of other species of raptors. No data are available on whether these 
electrocutions occurred on raptor-safe or improperly constructed power lines. 
Despite the use of raptor-safe construction techniques, electrocutions could occur 
and may increase over the life of the project as new power lines are built. 

Support structures associated with aboveground power lines could be used as 
perches by raptors. These new perches would provide raptors with new opportu-
nities for hunting and capturing prey, which could increase the efficiencies and 
success of raptors that hunt from perches. This increase in success could result in 
an increase in the local population of raptors that hunt from perches and reduce 
the populations of the species on which these raptors prey. Such a reduction in 
prey populations would be of concern, particularly when they involve species 
that already are experiencing reductions, such as sage grouse and mountain plov-
ers. Installing devices to prevent raptors from perching in on structures support-
ing power lines near sensitive areas, such as grouse leks and mountain plover 
nesting areas, could eliminate these facilities as perches for raptors. 

Disturbance of Habitats 
Raptor nesting habitats occur throughout the Project Area. Where active nests are 
documented during pre-construction surveys, timing stipulations would prohibit 
construction during the nesting season. Potential nesting habitats would not be 
similarly protected and could be disturbed or removed during construction of fa-
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cilities. Ground-nesting raptors would experience a greater loss of nesting habi-
tats relative to cliff- and tree-nesting raptors because cliffs and trees are less 
likely to be disturbed by the project. 

Raptor foraging habitats also occur throughout the Project Area and include all of 
the habitat types present. Construction of project facilities would disturb or re-
move a variety of terrestrial habitats that provide foraging areas for raptors. 
Aquatic habitats that provide foraging opportunities for some species would gen-
erally be avoided by the project; however, the effects of water disposal methods 
may affect aquatic habitats, as discussed below.  

Facilities for Handling Produced Water 
Approximately 27,009 acres would be disturbed by water handling facilities un-
der this alternative (Table 2–6). Construction of water handling facilities would 
generally occur in upland areas; however, the specific locations of these facilities 
are unknown. Because sagebrush shrublands and short- and mixed-grass habitats 
are the most common and widely distributed habitat types within the Project 
Area, it was assumed that they would experience most of disturbance associated 
with construction of water handling facilities. However, avoiding sagebrush 
shrubland habitats for these facilities where practical would minimize the loss of 
sagebrush shrubland habitats. Water handling methods would affect prey habitats 
and, subsequently, prey populations, but would not directly affect raptors. Effects 
on availability of prey are discussed below. 

Harassment and Displacement 
Raptors would be temporarily displaced from habitats in areas of human activity. 
The extent of displacement would depend on the duration and intensity of the 
activity and on the sensitivity and habituation to disturbance of individuals. Con-
struction may result in displacement from affected habitats during the entire con-
struction phase (a time frame of weeks to months), while production would result 
in displacement only during well visits (a time frame of hours). When they are 
displaced, individuals would move to other adjacent habitats but may encounter 
competition for resources. Resources in avoided areas would be under used, but 
would be over-used in areas were displaced individuals sought refuge. 

Disturbance to nesting raptors can cause nest failure, nest abandonment, and un-
successful fledging of young. Timing stipulations would not allow new distur-
bance during the breeding season within species-specific distances of active 
nests. Raptor surveys would be conducted during the appropriate period to iden-
tify these habitats before ground disturbance begins. These measures would 
minimize harassment of nesting raptors by project activities. 

Displacement during the construction phase could alter patterns of habitat use for 
foraging individuals. Displacement during the production phase would result in 
only minimal alteration of habitat use by foraging individuals. The relatively 
widespread occurrence of foraging habitats in the Project Area and the diffuse 
nature of the expected human activity would preclude substantial changes in rap-
tor foraging behavior. Most human activity would be associated with construc-
tion of project facilities but would then diminish during the operation and aban-
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donment phases. During abandonment of project facilities, local activity levels 
would temporarily increase for a period sufficient to complete habitat restoration. 

Noise 
Noise is one factor in the displacement of raptors from areas of otherwise suit-
able habitat and was considered as part of the analysis. Elevated levels of noise 
associated with increased human activity and facility operations may affect rap-
tors. The effects of project-related noise levels on raptors depend on the patterns 
of occurrence and intensity of the noise. Responses of individual raptors may 
vary from tolerance to avoidance of affected habitats. Increased noise in areas 
adjacent to new compressors would have minimal effects because raptors would 
avoid these areas or may become accustomed to this type of disturbance. 

Availability of Prey 
The diverse raptor populations that occur in the Project Area rely on a variety of 
prey species that make use of different habitats. Project activities would disturb 
or remove terrestrial habitats that support typical prey species. Prey species, par-
ticularly small- and medium-sized mammals, would experience losses as a result 
of direct mortality, loss of habitat, and habitat fragmentation. Some prey species 
would respond negatively to these habitat changes, while others would experi-
ence positive effects. Overall, the collective distribution and occurrence of these 
prey species would decrease and may be reduced to the extent that the availabil-
ity of prey is reduced for foraging raptors, especially in areas of concentrated 
development. 

The potential effects of water handling facilities include localized removal of 
prey habitats and changes in the population of prey species. In some instances, 
local habitats may improve through the increased availability of water and, in 
turn, benefit local prey species and raptors. The effects of increased volumes of 
water as the result of water disposal methods may disturb, destroy, augment, or 
create aquatic habitats. Increased volumes of water may disrupt aquatic environ-
ments that lead to changes in the occurrence of fish and waterfowl that are sought 
as prey by some raptor species. Increased volumes of water may result in im-
provements to habitats that were previously unsuitable for fish or waterfowl. 

Habitat Fragmentation 
The pattern of fragmentation that would occur from the proposed project, as dis-
cussed above, would have minimal effects on raptors because their ability to 
move through and make use of the remaining habitats that would not be affected. 
Populations of some prey species, especially smaller mammals, would be af-
fected by fragmentation (Trombulak and Frissel 2000) and may decrease, affect-
ing the availability of prey for raptors. 

Population Effects 
The effects of the proposed project on raptor populations are difficult to predict 
because of the many unknown factors associated with each of the potential ef-
fects, differing sensitivity of species to each of these effects, and the potential for 
synergistic relationships among the individual effects. The large scale and wide-
spread nature of the anticipated impacts, particularly in terms of collisions, power 



Chapter 4 — Environmental Consequences 

PRB O & G FEIS 4–220  

line electrocutions, displacement, and availability of prey species, suggest that 
some declines in raptor populations may occur. The degree of this potential de-
cline is not known, but is not likely to occur to the extent that raptor population 
viability is compromised in the Project Area or across the range of any specific 
species as a whole. 

Alternative 2A 
Under Alternative 2A, the magnitude and type of effects would be similar to 
those presented for Alternative 1, with the exception of the effects associated 
with proposed water handling facilities. Alternatives 2A and 1 differ only in the 
proportion of the various water handling methods and their associated distur-
bances. The types of effects associated with water handling methods are dis-
cussed under Alternative 1. Approximately 36,263 acres would be disturbed by 
water handling facilities under this alternative (Table 2–23), an increase of 
34 percent over the disturbance from water handling associated with Alternative 
1; therefore, a similar increase in effects from water handling is expected. 

Alternative 2B 
Under Alternative 2B, the magnitude and type of effects would be similar to 
those presented for Alternative 1, with the exception of the effects associated 
with proposed water handling facilities. Alternatives 2B and 1 differ only in the 
proportion of the various water handling methods and their associated distur-
bances. The types of effects associated with water handling methods are dis-
cussed under Alternative 1. Approximately 32,653 acres would be disturbed by 
water handling facilities under this alternative (Table 2–25), an increase of 
21 percent over the disturbance from water handling associated with Alternative 
1; therefore, a similar increase in water handling effects is expected. 

Alternative 3 
Under Alternative 3, the types of effects to raptors would be similar to those pre-
sented for Alternative 1; however, the magnitude of these effects would be sub-
stantially smaller. Alternative 3 would result in the disturbance of 35 percent of 
the amount of habitats (Table 2–32) that would be affected under Alternatives 1, 
2A, and 2B, because the total number of new wells would be reduced to 40 per-
cent (Table 2–29). The effects from water handling would be essentially the same 
as were discussed for Alternative 1; however, the magnitude of these effects 
would be smaller. Approximately 11,683 acres would be disturbed by water han-
dling facilities under this alternative (Table 2–32), a decrease of 57 percent from 
the disturbance from water handling associated with Alternative 1. The reduction 
in impacts from project activities, including water handling facilities, would re-
sult in reduced impacts to raptors. Despite this reduction, the large scale and 
widespread nature of the anticipated impacts, particularly in terms of collisions, 
power line electrocutions, displacement, and prey species availability, suggest 
that some declines in raptor populations may occur. The degree of this potential 
decline is not known, although it would be smaller than under the other three al-
ternatives. The decline is not likely to occur to the extent that viability of the rap-
tor population is compromised in the Project Area or across the range of any spe-
cific species as a whole.  
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Cumulative Effects 
Implementation of each of the alternatives would contribute to cumulative effects 
to raptors in the Project Area. The cumulative effects to raptors that would result 
from current, proposed, and future activities such as gas and mineral exploration 
and development, agriculture, and urban development may include increased dis-
turbance to nesting raptors, degradation or destruction of nesting habitats, in-
creased raptor collisions with power lines, increased electrocutions, and in-
creased vehicular collisions with raptors feeding on carrion. As development 
brings additional power lines to the Project Area, the use of power poles as 
perches may be a positive effect to raptors. 

The total acreage affected by development of CBM would not be disturbed si-
multaneously because development would occur over the life of the project. 
Some of the disturbed acreage would be reclaimed or would be in the process of 
being reclaimed when new disturbances are initiated. Development of CBM is 
expected to occur at a rate faster than abandonment and reclamation of wells. In 
the near future, the amount of disturbed habitats is likely to increase, although the 
anticipated life of CBM wells indicates that reclamation would eventually over-
take development of new wells, resulting in a net decrease in disturbed vegeta-
tion for the long term. In areas reclaimed after development of CBM, vegetation 
often differs substantially from undisturbed areas, as discussed in the section on 
Vegetation. As a result, shifts in composition or distribution of habitat would af-
fect raptor species within the Project Area. 

Upland Game 
Activities associated with the proposed project would affect upland game species 
in several ways. The effects to upland game may include: (1) increased direct 
mortality (including legal hunting, poaching, and collision with power lines and 
vehicles); (2) the introduction of new perches for raptors and thus a potential 
change in predation rates; (3) direct loss or degradation of habitats; (4) indirect 
disturbance resulting from human activity (including harassment, displacement, 
and noise); (5) habitat fragmentation (particularly through construction of roads); 
and (6) changes in population levels. Specific concerns for greater sage grouse 
and plains sharp-tailed grouse were identified during the scoping process. The 
greater sage grouse is discussed in detail in the section on Threatened, Endan-
gered, or Sensitive Species. Plains sharp-tailed grouse are discussed below. No 
other species were specifically identified during the scoping process. 

Alternative 1 

Direct Mortality 
Plains sharp-tailed grouse are legally hunted in the Project Area and poaching 
likely occurs as well. The new roads would increase access to lands in the Project 
Area. Increased access to public lands would result in more use of these areas by 
hunters and an increase in hunting pressure (legal and illegal). Private landown-
ers would continue to control access to, and hunting on, split estate and private 
lands. Nevertheless, some increase in the level of poaching may occur the Project 
Area is sparsely populated. This increase in hunting pressure would have a minor 
effect on plains sharp-tailed grouse because public access to the high proportion 
of private lands is unlikely. 
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Vehicle Collision 
The potential for collisions with vehicles was addressed because grouse tend to 
flush when closely approached and then fly close to the ground. Few studies have 
specifically examined effects of collision with vehicles on upland game. The lit-
erature on avian mortality caused by collision with vehicles is reviewed by Erick-
son et al. (2001). Hoffman (2001) did not mention vehicle collision as a specific 
impact on sharp-tailed grouse in northwestern Colorado, an area that has a simi-
lar level of development of roads. The new roads that would be constructed under 
this alternative increase the potential for vehicle collisions with sharp-tailed 
grouse. Although the number of collisions between vehicles and sharp-tailed 
grouse may increase, the effect on the grouse’s overall population would be 
minimal because development would be dispersed and surveys for leks would 
define areas where sharp-tailed grouse concentrate. 

Power Line Collision 
Relatively few comprehensive studies have been conducted, and nationwide an-
nual estimates of avian mortality caused by collision with power lines are highly 
variable. The literature on avian mortality caused by collision with power lines is 
reviewed by Erickson et al. (2001). Upland game birds are unlikely victims of 
collisions with power lines because they fly close to the ground. Thus, the effects 
of collisions with power lines on populations of sharp-tailed grouse would be 
minimal. 

Predation by Raptors 
Construction of power lines could increase the number of perching opportunities 
for raptors. The availability of these perches may result in increased raptor hunt-
ing pressures on sharp-tailed grouse, particularly if perches are available near 
leks during the breeding season. Sharp-tailed grouse do not appear as sensitive as 
are sage grouse to placement of power lines near leks (Hoffman 2001). Raptor-
proofing aboveground power lines within one-half mile of lek sites would reduce 
the potential for increased raptor predation on sharp-tailed grouse. With raptor-
proofing of power lines, increases in predation by raptors would be experienced 
primarily by foraging birds and are expected to have only minor effects on popu-
lations of sharp-tailed grouse. 

Loss or Degradation of Habitats 
Implementation of this alternative would disturb sharp-tailed grouse habitats. 
Table 4–52 shows the predicted proportion of known lek sites where project-
related facilities would be placed within 0.25 mile. Data on lek locations would 
be reviewed before surface disturbance begins to avoid direct disturbance to leks. 
Predisturbance surveys would be conducted in suitable grouse habitats to locate 
leks that may be disturbed. No surface occupancy would be allowed within 
¼ mile of a lek to avoid direct disturbance. This stipulation is attached to oil and 
gas leases and is non discretionary. Therefore, it applies to all federal oil and gas 
leases, regardless of surface ownership. Habitat disturbance to brood-rearing 
habitats and feeding and resting areas would occur. Disturbances to wooded 
draws and riparian areas would be avoided, with the exception of linear facilities, 
such as roads, pipelines, and power lines. Direct loss and disturbance of habitats 
is expected to have minor effects on sharp-tailed grouse because of mitigation 
measures designed to reduce impacts to important habitats and because they can 
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adapt to altered habitats as long as important components such as shrubby areas 
and wooded draws are protected (Braun et al. in press). 

Table 4–52 Effects to Sharp-tailed Grouse Protective Buffers by Sub-
watershed – Alternatives 1, 2A, and 2B 

Portion of leks with development proposed in the buffer (percent) 

Project Cumulative 
Sub-watershed 

¼-mile buffer ½-mile buffer ¼-mile buffer ½-mile buffer 

Little Bighorn River 0.0 0.0 0.0 0.0 
Upper Tongue River 18.5 29.6 22.2 29.6 
Middle Fork Powder River 0.0 0.0 0.0 0.0 
North Fork Powder River 0.0 0.0 0.0 0.0 
Upper Powder River 0.0 0.0 0.0 0.0 
South Fork Powder River 0.0 0.0 0.0 0.0 
Salt Creek 0.0 0.0 0.0 0.0 
Crazy Woman Creek 0.0 0.0 0.0 0.0 
Clear Creek 14.3 57.1 28.6 71.4 
Middle Powder River 0.0 0.0 0.0 0.0 
Little Powder River 0.0 0.0 0.0 0.0 
Little Missouri River 0.0 0.0 0.0 0.0 
Antelope Creek 0.0 0.0 0.0 0.0 
Dry Fork Cheyenne River 0.0 0.0 0.0 0.0 
Upper Cheyenne River 0.0 0.0 0.0 0.0 
Lightning Creek 0.0 0.0 0.0 0.0 
Upper Belle Fourche River 0.0 0.0 0.0 0.0 
Middle North Platte River 0.0 0.0 0.0 0.0 

Total 15.0 30.0 20.0 32.5 

 

Water Handling 
Under this alternative, water-handling methods may have positive and negative 
effects to the sharp-tailed grouse. Produced water from surface discharge may 
result in expansion of existing wetlands and riparian areas and create new areas 
of these habitats. Water impoundments and increased water flows would also 
provide additional sources of drinking water. The construction of water handling 
facilities would result in the loss of habitats used by this species. A total of 
27,009 acres would be disturbed by construction of the various water handling 
facilities. A summary of losses by habitat type, including contributions from wa-
ter handling methods, is presented in the section on Vegetation of this chapter. 

Harassment, Displacement, and Noise 
Human disturbance, including noise from project facilities, may result in adverse 
effects to sharp-tailed grouse. These grouse are most sensitive to human activity 
and noise when on their leks, although they do not appear to be as sensitive as 
sage grouse (Hoffman 2001). Human activities may disturb individual nesting 
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grouse, but effects to groups of grouse during the breeding period would have the 
greatest potential to affect local populations. Table 4–52 shows the predicted 
proportion of known lek sites where project-related facilities would be located 
within 0.5 mile and, therefore, that could be subject to displacement. The poten-
tial for adverse effects on federal or split estate lands from harassment, displace-
ment, and noise would be minmal because timing limitations (stipulations) would 
prevent new surface disturbance within 0.5 mile of sites during the breeding pe-
riod and the mitigation measure on noise would limit the level of noise allowed at 
leks. 

Habitat Fragmentation 
Sharp-tailed grouse may move more than 18 miles between seasonal ranges 
(Hoffman 2001). During these migrations, they can cross highways, roads, agri-
cultural fields, and other areas of non-native habitats. The level of fragmentation 
that would occur would not substantially fragment habitats used by sharp-tailed 
grouse and is not expected to affect patterns of habitat use or seasonal move-
ments on a landscape scale. 

Alternative 2A 
Under Alternative 2A, the magnitude and types of effects would be similar to 
those presented for Alternative 1, with the exception of the effects associated 
with proposed water handling facilities. Alternatives 2A and 1 differ only in the 
proportion of the various water handling methods and their associated distur-
bances. The types of effects associated with water handling methods are dis-
cussed under Alternative 1. Approximately 36,263 acres would be disturbed by 
water handling facilities under this alternative (Table 2–23), an increase of 
34 percent over the water handling disturbance associated with Alternative 1; 
therefore, a similar increase in effects from water handling is expected. 

Alternative 2B 
Under Alternative 2B, the magnitude and types of effects would be similar to 
those presented for Alternative 1, with the exception of the effects associated 
with proposed water handling facilities. Alternatives 2B and 1 differ only in the 
proportion of the various water handling methods and their associated distur-
bances. The types of effects associated with water handling methods are dis-
cussed under Alternative 1. Approximately 32,653 acres would be disturbed by 
water handling facilities under this alternative (Table 2–25), an increase of 
21 percent over the disturbance from water handling associated with Alternative 
1; therefore, a similar increase in water handling effects is expected. 

Alternative 3 
Under Alternative 3, the types of effects to upland game birds would be similar 
to those presented for Alternative 1. The magnitude of these effects would be 
substantially smaller, however. Alternative 3 would result in the disturbance of 
35 percent of the amount of habitats that would be affected under Alternatives 1, 
2A, and 2B, because the total number of new wells would be reduced to 40 per-
cent. Table 4–53 shows the predicted proportion of known sharp-tailed grouse 
lek sites where project-related facilities would be located within 0.25 and 
0.5 mile. The effects from water handling would be essentially the same as were 
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discussed for Alternative 1; however, the magnitude of these effects would be 
smaller. Approximately 11,683 acres would be disturbed by water handling fa-
cilities under this alternative, a decrease of 57 percent from the disturbance from 
water handling associated with Alternative 1. The reduction in impacts from pro-
ject activities, including water handling facilities, would reduce impacts to up-
land game birds. 

Cumulative Effects 
Implementation of each of the alternatives would contribute to cumulative effects 
to upland game birds that occur within the Project Area. The cumulative effects 
to upland game that would result from current, proposed and future activities 
such as gas and mineral exploration and development, agriculture, and urban de-
velopment may include increased mortality, especially from collisions with vehi-
cles and power lines; displacement and harassment; and physical degradation or 
destruction of breeding grounds (leks) and reproductive areas (nesting and brood-
rearing areas). Table 4–52 and Table 4–53 show the predicted cumulative propor-
tion of known sharp-tailed grouse lek sites where project-related facilities would 
be located within 0.25 and 0.5 mile for each of the alternatives. 

Table 4–53 Proposed and Cumulative Impacts to Sharp-tailed Grouse 
Protective Buffers by Sub-watershed — Alternative 3 

Portion of leks with development proposed in the buffer (percent) 
Project Cumulative 

Sub-watershed 
0.25-mile buffer 0.5-mile buffer 0.25-mile buffer 0.5-mile buffer

Little Bighorn River 0.0 0.0 0.0 0.0 
Upper Tongue River 14.8 25.9 18.5 29.6 
Middle Fork Powder River 0.0 0.0 0.0 0.0 
North Fork Powder River 0.0 0.0 0.0 0.0 
Upper Powder River 0.0 0.0 0.0 0.0 
South Fork Powder River 0.0 0.0 0.0 0.0 
Salt Creek 0.0 0.0 0.0 0.0 
Crazy Woman Creek 0.0 0.0 0.0 0.0 
Clear Creek 0.0 57.1 14.3 71.4 
Middle Powder River 0.0 0.0 0.0 0.0 
Little Powder River 0.0 0.0 0.0 0.0 
Little Missouri River 0.0 0.0 0.0 0.0 
Antelope Creek 0.0 0.0 0.0 0.0 
Dry Fork Cheyenne River 0.0 0.0 0.0 0.0 
Upper Cheyenne River 0.0 0.0 0.0 0.0 
Lightning Creek 0.0 0.0 0.0 0.0 
Upper Belle Fourche River 0.0 0.0 0.0 0.0 
Middle North Platte River 0.0 0.0 0.0 0.0 

Total 10.0 27.5 15.0 32.5 
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The total acreage affected by development of CBM would not be disturbed si-
multaneously because development would occur over the life of the project. 
Some of the disturbed acreage would be reclaimed or would be in the process of 
being reclaimed when new disturbances are initiated. Development of CBM is 
expected to occur at a rate faster than abandonment and reclamation of wells. In 
the near future, the amount of disturbed habitats is likely to increase, although the 
anticipated life of CBM wells indicates that reclamation would eventually over-
take development of new wells, resulting in a net decrease in disturbed vegeta-
tion for the long term. In areas reclaimed after development of CBM, vegetation 
often differs substantially from undisturbed areas, as discussed in the section on 
Vegetation. As a result, shifts in habitat composition or distribution would affect 
upland game species within the Project Area. 

Waterfowl 

Alternative 1 
Surface disturbance associated with the construction, operation, and abandon-
ment of facilities, including roads, has little potential to cause direct mortality to 
waterfowl. Most birds would avoid construction equipment and most construc-
tion would not occur within or near wetland habitats. However, nests placed in 
locations subject to disturbance (such as tall grass near wetlands) could be lost. 
This effect would be relatively minor because of the low potential for direct mor-
tality, the short breeding season for waterfowl, and the small percentage of the 
Project Area that would be directly affected during the breeding season. 

Exposure to Production Water 
Concentrations of salts and metals, particularly barium and selenium, may in-
crease in the containment reservoirs receiving CBM produced water discharges, 
as water evaporates over time. Direct effects (toxicity) to waterfowl could occur, 
depending on the quality of the produced water. CBM produced waters dis-
charged to off-channel containment impoundments would require an NPDES 
permit issued by WDEQ, which would establish effluent limitations that would 
be protective of use by wildlife and livestock. Concentrations of selenium within 
the impoundments would be monitored as a requirement of the NPDES permit, 
primarily because of the large volume of water that could be potentially dis-
charged, and the bioaccumulative nature of selenium. Typically, the concentra-
tion of selenium in the produced water is fairly low and is normally less than 
Wyoming water quality standards. However, water quality could reach levels of 
concern for selenium and other constituents when inflow to the impoundments 
ceases, and NPDES permit monitoring requirements no longer apply. 

Selenium can be absorbed or ingested by organisms, can bind to particulate mat-
ter, or can remain free in solution. Most selenium accumulates in the top layer of 
sediment and detritus. Selenium can then be cycled back into the biota and re-
main elevated for years after input of selenium has stopped (Lemly and Smith 
1987). Generally, flowing waters accumulate less selenium than do standing wa-
ters, which have low rates of flushing. Recovery is much slower in shallow im-
poundments and wetlands than in fast-flowing rivers and streams (Lemly and 
Smith 1987). Selenium levels in the water column that exceed 10 µg/L are con-
sidered to pose a potential risk to many species of waterfowl because of the ele-
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ment’s known toxicological effects and high potential for bioaccumulation in 
food chains (Lemly and Smith 1987). Results for recent sampling of produced 
water within the Project Area show that levels of selenium are less than 2 µg/L. 
However, bioaccumulation of selenium may result as more is introduced into the 
ecosystem. Selenium could potentially reach toxic levels for fish over the life of 
the project. Fish and macroinvertebrate species that live in ponds and reservoirs 
that receive CBM produced water may experience effects from bioaccumulation 
of selenium, which may affect waterfowl through ingestion of these species. 
Levels of selenium in streams and rivers throughout the Project Area are not ex-
pected to reach harmful levels for waterfowl due to NPDES permit requirements 
for CBM produced water discharges that are protective of aquatic life. 

The saline quality of the produced water would likely precipitate dissolved met-
als in the water column, such that sediments beneath CBM produced water con-
tainment reservoirs would potentially receive increasing concentrations of or-
ganic and inorganic forms of dissolved metals over time. It is possible that sedi-
ments would reach a toxic level for diving ducks that ingest sediments while they 
feed on benthic organisms. Changes in algal and microbial species richness that 
could cause indirect effects on waterfowl may or may not occur in response to 
increasing concentrations of metals (Adamus 1996). Some aquatic organisms are 
able to develop a tolerance to an increased concentration of metals in the sur-
rounding aquatic environment. Tolerance may be described as “the ability of in-
dividuals to cope with the stress associated with exposure to contaminant concen-
trations that are inhibitory to non-tolerant individuals” (Mulvey and Diamond 
1991). Explanations to account for increased tolerance to contaminants include 
physiological acclimation and genetic adaptation (Clements 1999). The physio-
logical and genetic mechanisms responsible for tolerance may come at specific 
costs. Several studies have documented a tradeoff within individuals between the 
benefits of tolerance and the associated energetic costs, with consequences for 
populations and communities (Hickey and McNeilly 1975, Wilson 1988, Court-
ney and Clements 2000). Courtney and Clements (2000) reported that chronic 
metal pollution produced aquatic invertebrate communities that were tolerant to 
metals but were more sensitive to acidic pH. Clements (1999) reported that both 
population-level responses and species replacement accounted for greater toler-
ance to high concentrations of metals by aquatic invertebrates in stream contami-
nated by metals. 

Limits on salinity and optimum ranges for microbial communities, algae, and 
aquatic invertebrates are known for many species. It is likely that the contain-
ment reservoirs receiving CBM produced water would be colonized by species of 
these taxa that are tolerant of the saline water quality compared with surrounding 
water bodies. The species richness of microbial communities and aquatic inver-
tebrates, as well as algal productivity and biomass, would likely be less in the 
CBM produced water containment reservoirs than in less-saline water bodies 
(Adamus 1996). As the salinity increases over time and as water evaporates from 
the containment reservoirs, these bioindicators would decrease. Similarly, the 
species richness and abundance of waterfowl is expected to be lower than in sur-
rounding, unaffected water bodies. 
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Collision with Vehicles 
Annual avian mortality from collisions with vehicles in the United States is esti-
mated to be equal to 60 to 80 million birds, most of which are songbirds. The 
literature on avian mortality caused by collision with vehicles is reviewed by 
Erickson et al. (2001). It was estimated that 13,500 ducks are killed each year 
from vehicle collisions in the prairie pothole regions of North and South Dakota 
(some of the most productive waterfowl habitat in the U.S.). An average number 
of 0.04 duck fatalities per mile of road has been used by several authors to esti-
mate total waterfowl mortality from vehicle collisions in the prairie pothole re-
gion (Erickson et al. 2001). Most of these studies have been conducted along 
paved, high-speed roads, rather than low-speed dirt roads. The rate of mortality 
with mostly unpaved project roads in the drier PRB would be much lower than 
reported for the prairie pothole ragion. Thus, the effects of collisions of water-
fowl with vehicles on the local populations of waterfowl would not be anywhere 
near as extensive as the estimate for the prairie pothole region. 

Collisions with Power Lines 
Few comprehensive studies have been conducted on collisions of birds with 
power lines. However, where nationwide annual estimates of avian mortality 
caused by such collisions have been made, they range widely, from more than 
10,000 to more than 174,000,000 birds per year. Waterfowl are most susceptible 
to colliding with power lines that span or occur near streams, water bodies, and 
wetlands. Considering the amount of open water and wetlands in the Project 
Area, the potential for waterfowl colliding with power lines is limited and mini-
mizing the construction of aboveground power lines near streams, water bodies, 
and wetlands would reduce the potential for these collisions. 

Increased Raptor Predation 
Construction of power lines would increase the number of perching opportunities 
for raptors. The bald eagle is one of the primary species of raptor in the Project 
Area that takes a large percentage of waterfowl as prey. Eagles typically hunt on 
the wing and hunt from perches. Therefore, an increase in the number of raptor 
perches may facilitate hunting by bald eagles. However, any effects on waterfowl 
from this facilitation probably would be negligible because amount of suitable 
habitats present in the PRB is limited and the distribution of these habitats rela-
tive to routes for power lines would minimize the potential for placement of 
power lines where they would benefit bald eagles. Furthermore, raptor proofing 
the power lines would eliminate the use of electrical structures as perches by rap-
tors. 

Loss or Degradation of Habitats 
The extent of loss of various habitat types in the Project Area is discussed above. 
Wetlands and riparian areas are the habitat types of highest importance to the 
waterfowl in the Project Area. The amounts of these habitat types that would be 
lost are relatively small compared with the areal extent of these habitats that 
would not be affected. Thus, direct loss of habitats would have minimal effect on 
waterfowl. 
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Water Handling 
Habitat disturbance as the result of applied water handling methods would result 
in a variety of changes, including potential negative and positive effects to habi-
tats for waterfowl. Water from impoundment outflows and surface discharge may 
create new and improve existing feeding, nesting, and resting habitats by sup-
plementing current seasonal water regimes. New feeding, nesting, and resting 
habitats may be provided to local waterfowl, assuming rooted aquatic plants and 
wetland vegetation are allowed to grow at surface containment facilities. Water-
fowl populations in the Project Area may increase in response to new or ex-
panded habitats caused by surface water discharge. This potential increase in 
populations also may lead to an increased occurrence of power line collisions and 
raptor predation. 

Production water from impoundment outflows and surface discharge may also 
negatively affect existing waterfowl habitats. Inputs to existing aquatic habitats 
from production water may alter favorable conditions to the detriment of plants 
and aquatic life. These potential effects depend on existing conditions, the quan-
tity and timing of the release of production waters, and the distance between re-
lease points and existing waterfowl habitats. Although these circumstances may 
occur in the Project Area, they are not expected to notably affect the waterfowl 
population in the Project Area. 

Harassment and Displacement 
Waterfowl could be displaced from habitats in areas of human activity. The ex-
tent of displacement would depend on the spatial and temporal scale of the activ-
ity and the response of each species and individual to each type of disturbance. 
Individuals may be completely displaced from their territories for extended peri-
ods in areas where construction and drilling occur during the breeding season. 
These individuals may be able to use habitats adjoining the disturbance; however, 
these habitats may already be occupied. Displacement probably would not have 
substantial effects on waterfowl populations because development at any single 
location would be limited in time, would occur primarily in uplands, and few 
wetlands would be disturbed directly. 

Limited displacement also could occur during the operational phase. Disturbance 
during the operational phase would be short and could occur regularly in some 
areas. During this phase, individuals would be displaced temporarily (a few hours 
at most) rather than for any extended period. 

Noise 
Noise is one component of disturbance that could cause displacement, depending 
on the proximity of the source of noise to waterfowl and their habitats. Regular 
noise from stationary sources, such as compressors, can disrupt bird behavior, 
such as territorial defense, mate attraction, and warning calls, within a limited 
distance around the source (NPC 2002, Stone 2002). Individual birds may avoid 
nesting in areas of regular noise, which would effectively reduce the amount of 
breeding habitats available. Mitigation measures designed to minimize effects 
from noise that are associated with compressors would limit the potential extent 
of the noise to the immediate vicinity of these facilities. Overall, the effect of 
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noise on waterfowl across the Project Area would be minor because sources of 
noise would be limited and the areal extent of habitats for waterfowl is limited. 

Habitat Fragmentation 
Habitats used by waterfowl, such as wetlands and riparian areas, would be only 
minimally fragmented by the project. Linear facilities may cross these habitats, 
but this disturbance is expected to have minimal effects on individual waterfowl 
or populations specifically as a result of fragmentation. 

Alternative 2A 
Under Alternative 2A, the magnitude and types of effects would be similar to 
those presented for Alternative 1, with the exception of the effects associated 
with proposed water handling facilities. Alternatives 2A and 1 differ only in the 
proportion of the various water handling methods and their associated distur-
bances. The types of effects associated with water handling methods are dis-
cussed under Alternative 1. Approximately 36,263 acres would be disturbed by 
water handling facilities under this alternative, an increase of 34 percent over the 
disturbance from water handling associated with Alternative 1. Populations of 
waterfowl would be subject to the same effects as were discussed under Alterna-
tive 1; therefore, a similar increase in effects from water handling is expected. 

Alternative 2B 
Under Alternative 2B, the magnitude and types of effects would be similar to 
those presented for Alternative 1, with the exception of the effects associated 
with proposed water handling facilities. Alternatives 2B and 1 differ only in the 
proportion of the various water handling methods and their associated distur-
bances. The types of effects associated with water handling methods are dis-
cussed under Alternative 1. Approximately 32,653 acres would be disturbed by 
water handling facilities under this alternative, an increase of 21 percent over the 
disturbance from water handling associated with Alternative 1. Populations of 
waterfowl would be subject to the same effects as were discussed under Alterna-
tive 1; therefore, a similar increase in water handling effects is expected. 

Alternative 3 
Under Alternative 3, the types of effects to waterfowl would be similar to those 
presented for Alternative 1. The magnitude of these effects would be substan-
tially smaller, however. Alternative 3 would result in the disturbance of a sub-
stantially smaller amount of habitats than would be affected under Alternatives 1, 
2A, and 2B because the total number of new wells would be reduced to 40 per-
cent. The effects from water handling would be essentially the same as were dis-
cussed for Alternative 1; however, the magnitude of these effects would be 
smaller. Approximately 11,683 acres would be disturbed by water handling fa-
cilities under this alternative, a decrease of 57 percent from the disturbance from 
associated with Alternative 1. The reduction in impacts from project activities, 
including water handling facilities, would reduce impacts to waterfowl. 

Cumulative Effects 
Implementation of each of the alternatives would contribute to cumulative effects 
to waterfowl that inhabit the Project Area. Potential negative cumulative effects 
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may result after each of the proposed alternatives is implemented. Negative ef-
fects would include degradation of existing nesting, feeding, and resting habitats 
from potential increases or fluctuations in surface water levels. Salts and metals 
may also bioaccumulate within containment reservoirs, streams, and rivers over 
time, and levels may exceed the safe limit for waterfowl. Positive effects would 
include the potential creation of suitable nesting, resting, or feeding habitats as-
sociated with the various methods of water handling. 

The effects to waterfowl described for each of the proposed alternatives would 
occur in addition to impacts that have already occurred, and that would occur, as 
a result of other activities in the Project Area. Similar types of direct and indirect 
effects have already occurred, including direct mortality, habitat loss, indirect 
effects, and population-level effects. Minimal downward trends in populations of 
waterfowl are predicted. 

Migratory Birds 

Alternative 1 
Surface disturbance associated with construction, operation, and abandonment of 
facilities, including roads, has the potential to result in direct mortality of migra-
tory birds. Most birds would be able to avoid construction equipment; however, 
nests in locations subject to disturbance would be lost, as would any eggs or nes-
tlings. This effect would be relatively minor because of the low potential for di-
rect mortality, the short breeding season for migratory birds, and the small per-
centage of the Project Area that would be directly affected during the breeding 
season. 

Vehicle Collision 
Annual avian mortality from collisions with vehicles in the United States is esti-
mated to be equal to 60 to 80 million birds, most of which are passerines. The 
literature on avian mortality caused by collision with vehicles is reviewed by 
Erickson et al. (2001). The number of collisions between vehicles and migratory 
birds probably would increase with the construction of the new roads. However, 
the number of collisions in the literature varies so widely (from two to three to 
well more than 100 per mile of highway) that any quantitative projection for the 
Project Area would be speculative. Although the number of collisions would 
probably increase, the effects on populations of migratory birds is unlikely to be 
substantial because the roads that would be constructed would be low-speed two 
track and gravel roads. 

Power Line Collision 
Relatively few comprehensive studies have been conducted and nationwide an-
nual estimates of avian mortality caused by collisions with power lines vary from 
more than 10,000 to 174,000,000. The literature on avian mortality due to colli-
sion with power lines is reviewed by Erickson et al. (2001). Waterfowl appear 
most susceptible to collision with power lines near wetlands, whereas raptors and 
migratory birds are most susceptible in upland areas. It is likely that mortalities to 
migratory birds in the Project Area would increase as a result of the proposed 
project. 
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Loss or Degradation of Habitats 
The extent of loss of various habitat types in the Project Area is discussed above. 
Shortgrass prairie, sagebrush shrublands, and wetlands and riparian areas are the 
habitat types of highest importance to the species of migratory birds of manage-
ment concern in Wyoming. Species that depend on these habitats have shown 
large declines in population size as a result of habitat loss (Saab and Rich 1997). 
Each of these habitats supports several species of birds that are of management 
concern (Cerovski et al. 2001). The amount of each of these habitats that would 
be disturbed is relatively small compared with the areal extent of these habitats 
that would not be affected. Operation of water handling facilities may increase 
the availability of riparian habitats, benefiting some species, including migratory 
birds. Direct loss of habitat would have minimal effect on migratory birds. 

Harassment and Displacement 
Migratory birds would be displaced from habitats in areas of human activity. The 
extent of displacement would depend on the spatial and temporal scale of the ac-
tivity and on the response of each species to each type of disturbance. In areas of 
construction and well drilling, individuals may be completely displaced from 
their territories for extended periods. These individuals may be able to use adja-
cent habitats away from the disturbance; however, in many cases, these habitats 
would already be occupied and competition for limited resources would occur. 

Displacement would continue during the operational phase, although the nature 
of disturbance would change. Rather than areas of intense, continuous activity, 
disturbance during the operational phase would be short and would occur on a 
regular basis across a broad area. During this phase, individuals may be displaced 
for a short period (a few hours at most), but would not move into new areas or 
compete substantially with birds in other areas. 

Noise 
Noise associated with various project activities is one component of disturbance 
that would result in displacement. Regular noise from stationary sources, such as 
compressors can disrupt bird behavior, such as territorial defense, mate attrac-
tion, and warning calls, within a limited distance around the source (NPC 2002, 
Stone 2002). Individual birds may avoid nesting in areas of regular noise, effec-
tively reducing the amount of available breeding habitat. Mitigation measures 
designed to minimize noise effects associated with compressors to specific areas, 
such as around grouse leks, would limit the extent of this effect to the immediate 
vicinity of these facilities. The overall effect of noise generated by the project on 
populations of migratory birds would be minor. 

Habitat Fragmentation 
Knick and Rotenberry (1995) found that percentage of cover and size of sage-
brush patches influenced the abundance of breeding sage sparrows in fragmented 
sagebrush shrublands. This study was conducted in an area where 50 percent of 
sagebrush shrublands had been lost. Ingelfinger (2001) found that densities of 
breeding sagebrush-obligate passerines in an area with a lower proportion of 
sagebrush loss were reduced by 50 percent within 100 meters of roads, even 
along lightly used oil and gas development roads. Other birds, specifically 
horned larks, increased in density near roads (Ingelfinger 2001). Habitat frag-
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mentation in shrub-steppe (sagebrush and other shrubland) habitats affects site 
selection, reproductive rates, and predation rates (Knick and Rotenberry 1995), 
all of which may explain the lower abundance of sagebrush-obligate songbirds in 
fragmented shrub-steppe habitats. The creation of edges in other habitats can also 
lead to increased predation and nest parasitism (Paton 1994). The results of these 
studies suggest that densities of some migratory birds may decline in parts of the 
Project Area that are disturbed by project activities whereas the densities of other 
species may increase. 

Population Effects 
The combination of direct habitat loss, displacement, and habitat fragmentation 
probably would result in some decline in the populations of migratory birds that 
are sensitive to these types of disturbance, such as sagebrush-obligate songbirds. 
Populations of other species that are adaptable to disturbance (such as horned 
larks) may increase. Table 4–54 shows qualitative predictions for population 
trends for the species of migratory birds of management concern in Wyoming 
that were discussed in Table 3–60. The predictions are based on the results from 
past breeding bird surveys combined with the habitat requirements of each spe-
cies, as discussed in Cerovski et al. (2001). 

Alternative 2A 
Under Alternative 2A, the magnitude and types of effects would be similar to 
those presented for Alternative 1, with the exception of the effects associated 
with proposed water handling facilities. Alternatives 2A and 1 differ only in the 
proportion of the various water handling methods and their associated distur-
bances. The types of effects associated with water handling methods are dis-
cussed under Alternative 1. Approximately 36,263 acres would be disturbed by 
water handling facilities under this alternative, an increase of 34 percent over the 
disturbance from water handling associated with Alternative 1. Populations of 
migratory birds would be subject to the same effects as were discussed under Al-
ternative 1; therefore, a similar increase in effects from water handling is ex-
pected. 

Alternative 2B 
Under Alternative 2B, the magnitude and types of effects would be similar to 
those presented for Alternative 1, with the exception of the effects associated 
with proposed water handling facilities. Alternatives 2B and 1 differ only in the 
proportion of the various water handling methods and their associated distur-
bances. The types of effects associated with water handling methods are dis-
cussed under Alternative 1. Approximately 32,653 acres would be disturbed by 
water handling facilities under this alternative, an increase of 21 percent over the 
disturbance from water handling associated with Alternative 1. Populations of 
migratory birds would be subject to the same effects as were discussed under Al-
ternative 1; therefore, a similar increase in effects from water handling is ex-
pected. 
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Table 4–54 Predicted Population Trend for Migratory Bird Species of Management Concern in 
Wyoming 

Species Predicted Trend Comments 

Level I species   

 McCown’s Longspur Increase Uses early successional landscape with low shrub density and substantial bare 
ground. 

 Wilson’s Phalarope Stable Habitats would generally be avoided by activities. Discharge of surface water 
may increase habitat temporarily, but may be low quality, habitat would not 
persist after abandonment. 

Level II species   

 Cassin’s Kingbird Stable Peripheral breeder in Project Area. 

 Lark Bunting Stable May decrease locally in response to high levels of disturbance. Requires 10 to 
30 percent dense grass or shrub cover for nesting. 

 Dickcissel Decrease Requires dense cover and large patches of undisturbed habitat. 
 Chestnut-collared Longspur Decrease Requires denser vegetation than McCown’s longspur. 
 Willow Flycatcher Stable Riparian obligate – habitat may increase through surface discharge of 

produced water, but may be low quality, habitat would not persist after 
abandonment. 

 Marsh Wren Stable Habitats would generally be avoided by activities. Discharge of surface water 
may increase habitat temporarily, but may be low quality, habitat would not 
persist after abandonment. 

 Western Bluebird Stable Uncommon in Project Area, minimal effects to preferred habitats. 

 Grasshopper Sparrow Decrease Requires high level of structure, continuous tall cover, and large undisturbed 
patches. 

 Bobolink Decrease Requires high level of structure, tall cover, and large undisturbed patches. 

 Black-billed Cuckoo Stable Habitats would generally be avoided by activities. Discharge of surface water 
may increase habitat temporarily, but development of necessary habitat 
components may not occur. 

 Vesper Sparrow Decrease Requires both shrub and grass cover, a ground nester susceptible to nest 
destruction and predation. 

 Lark Sparrow Decrease Requires shrub cover, a ground nester susceptible to nest destruction and 
predation. 

 

Alternative 3 
Under Alternative 3, the types of effects to migratory birds would be similar to 
those presented for Alternative 1. The magnitude of these effects would be sub-
stantially smaller, however. Alternative 3 would result in the disturbance of 
40 percent of the amount of habitats that would be affected under Alternatives 1, 
2A, and 2B because the total number of new wells would be reduced to 40 per-
cent. Approximately 11,683 acres would be disturbed by water handling facilities 
under this alternative, a decrease of 57 percent from the disturbance from water 
handling associated with Alternative 1. The reduction in impacts from project 
activities, including water handling facilities, would result in reduced impacts to 
migratory birds. Each of the effects discussed for Alternative 1 would occur; 
however, fewer individual birds would be affected because fewer acres overall 
would be disturbed by this alternative. The overall effect on populations of birds 
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in the Project Area would also be reduced. The qualitative predictions of trend 
shown in Table 4–54 for each of the species of management concern in Wyo-
ming are applicable, but any increase or decrease would be reduced proportion-
ally to the reduction in impacts between Alternative 3 and the other alternatives. 

Cumulative Effects 
The effects to migratory birds described for each of the proposed alternatives 
would occur in addition to impacts that have already occurred and that would 
occur as a result of other activities in the Project Area. Similar types of direct and 
indirect effects have already occurred, including direct mortality, habitat loss, 
displacement, habitat fragmentation, and population-level effects. Evaluating the 
cumulative impacts of past, on-going, and reasonably foreseeable activities is 
difficult because of the general lack of data on migratory birds in the Project 
Area and the range of effects that would occur in varying degrees to various spe-
cies. The trends discussed in Table 4–54 would be applicable not only to pro-
posed effects, but also to cumulative effects because they take into account exist-
ing data on trends. 

Aquatic Species 
This section describes the potential direct and indirect effects of each of the pro-
posed alternatives on aquatic species in the Project Area. These effects include: 
(1) changes in timing and quantity of stream flows; (2) changes in sedimentation; 
(3) changes in concentrations of salts in streams; (4) changes in concentrations of 
metals (such as barium, selenium); (5) changes in temperatures; (6) accidental 
spills of fuels or drilling fluids; (7) changes in species diversity; and (8) trans-
boundary effects on water quality. 

This analysis assumed that wells that discharge produced water on the surface 
and wells that discharge water to infiltration ponds may have potential effects on 
aquatic species. Water produced from wells and managed using other -methods 
of water handling (containment, LAD, and injection) would not have effects on 
surface waters because none of the discharged water under these methods would 
reach drainages in the sub-watersheds; therefore, these three water-handling 
methods are not analyzed further. The amount of water that would enter drain-
ages below infiltration ponds as a result of the rising water tables in shallow aqui-
fers is unknown; however, if some of this water resurfaces into stream channels, 
it would contribute to the effects discussed below. 

Discharges of CBM produced water to surface drainages would not result in vio-
lations of the Clean Water Act if the project adheres to the requirements in 
WDEQ-issued NPDES permits. NPDES permits specify water quality standards 
intended to protect designated uses, such as agriculture, livestock watering, and 
aquatic health. Therefore, under the WDEQ permitting process, the quality of 
receiving waters in the Powder River Basin would not be degraded to levels 
above aquatic life standards in tributaries and main stems. Additionally, the BLM 
APD permitting process requires that Water Management Plans be submitted 
before CBM water can be discharged (Appendix I). 
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Alternative 1 
The analysis of effects is organized on a sub-watershed basis. The prediction of 
impacts on the level of individual aquatic species is impractical because of the 
scale of the Project Area and the lack of scientific data on aquatic resources in 
the Project Area. Refer to Table 3-57 and Table 3-58 for fish species and their 
preferred habitats that may occur within a sub-watershed. Under Alternative 1, 
62 percent of the proposed wells would discharge produced water on the surface 
and 23 percent would discharge produced water to infiltration reservoirs. 

Timing and Quantity of Stream Flows 
Modification of flow is one of the most widespread human disturbances of 
stream environments (Bain et al. 1988).A change in streamflow translates into a 
change in the water depth and velocity for any specific location in a stream. Con-
sequently, changes in streamflow can be regarded as modifications to the physi-
cal composition of the aquatic habitat (Bain et al. 1988). Fishes that inhabit 
streams within the Project Area are frequently exposed to disturbances from 
floods and droughts and must persist in environments that are characterized by 
fluctuating flows. Changes in the pattern of these fluctuating flows can be viewed 
as a disturbance in the stability of stream habitat. 

Potential negative effects to fish and invertebrates caused by changes in flow are 
listed and described in Table 4–55 and Table 4–56. These effects include physi-
cal, behavioral, habitat, and food changes that may occur if streamflows are in-
creased or decreased substantially, especially during spawning. Increased stream-
flows could make it difficult for certain species to migrate upstream to spawning 
and rearing areas, especially in reaches where manmade barriers exist (such as 
dams and water diversions). Increased flows in rearing areas may also make sur-
vival more difficult for young fish. Bain et al. (1988) and Fausch and Bramblett 
(1991) reported that the shallow and slow-water fishes were adversely affected 
by an artificially high variability in flow. Decreases in flow force fish that are 
restricted to shallow areas to relocate to maintain the specific habitat conditions. 
Rapid increases in flow may expose shallow-water fish to increased predation 
because shallow shoreline areas become accessible to larger piscivores as depth 
increases (Bain et al. 1988). In contrast, generalist species that use mid-stream 
type habitats responded positively to increased variability in flows (Bain et al. 
1988). Very few scientific studies have addressed the changes to macroinverte-
brate populations caused by changes in stream flow (Gore 1987). It has been as-
sumed that responses of macroinvertebrates to stream flow changes would 
closely match those of fish; however, macroinvertebrates lack the rapid re-
invasion capabilities of fish when they live in an environment of fluctuating dis-
charges (Gore 1987). More research is needed to support the general application 
of studies of macroinvertebrate response to instream flows for regulated flow 
management (Gore 1987). 

Stream flows are expected to increase to varying degrees in all 10 sub-watersheds 
that would receive CBM produced water under Alternative 1 (Table 4–1). In-
creasing stream flows could have both positive and negative effects on aquatic 
species. The main positive effect would be to provide habitat to fish and macro-
invertebrates in areas that are normally dry. This new habitat could provide op-
portunities for population growth. Increased flows may also benefit fisheries 
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where containment or flow-through ponds are developed for fisheries. These 
ponds could serve as sport fisheries or be used for breeding native species of 
concern with proper water quality.  

Table 4–55 Effects of Discharge Variations on Aquatic Biota. Potential 
Detrimental Effects of Pulse Releases on Aquatic Animals 

Effect Description of Effect 

Flushing Flushing of animals that are not adapted to high current velocities can eliminate eggs 
and fry. In channelized sections with a poor channel structure, this phenomenon may 
be increased. 

Drift Limitation of benthic invertebrates by catastrophic drift. 
Habitat Changes in morphology of the stream channel, as well as bank or sediment erosion, 

alter the composition of the bed sediments. This alteration, in turn, changes the 
amount and composition of aquatic fauna. High loads of suspended matter may dam-
age fish through gill clogging or cause animals leave the affected area. 

Food Food depletion may limit the number of organisms. Diminution of benthic inverte-
brates may occur through erosion of periphyton or macrophytes. Diminution of the 
fish population would then follow because of the reduced food supply. 

Source: Moog 1993 

 

 

Table 4–56 Effects of Discharge Variations on Aquatic Biota. Potential 
Detrimental Effects of Sudden Flow Reduction on Aquatic 
Animals 

Effect Description of Effect 

Physiological limitations of species with a high oxygen demand under conditions 
of low flow may be multiplied by heating if the channel is shallow enough or by a 
lack of riparian vegetation. 
Behavioral limitations and interferences with feeding mechanisms induced by 
flow (such as net-spinning Trichopetera). 

Physiological 
and 
Behavioral 
Limitations 

Faunal depletion because of catastrophic drift caused by reactions to drought. 
Physical 
Limitations 

Stranding and possible death of organisms by dessication or asphyxiation during 
dewatering of areas of the channel substrate. 

Habitat  
Limitations 

Reductions of living space during periods of low flow affect the population size, 
and may be aggravated by formation of channel icings if the water is shallow. 

Silt Deposition of silt by receding water alters the substrate composition and 
heterogeneity. This alteration, in turn, causes a change in the number and 
composition of benthic invertebrates, fish eggs, and fry. 

Food Food depletion by desiccation of primary producers diminishes the population 
size of certain functional feeding groups of benthic invertebrates. Food depletion 
of benthic invertebrates in turn diminishes the size of the fish population. 

Source: Moog 1993 

 

Groundwater depletions may alter current instream flows in isolated streams 
throughout the Project Area. These areas would be in shallow alluvium where 
coal seams are near the surface and could experience reductions in stream flows. 
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Instream flows in the overall Project Area would not be altered by groundwater 
depletion because the affected aquifer is usually very deep. 

Aquatic species may be affected, as discussed above, by the amount of CBM 
produced water discharged to the surface under Alternative 1, especially during 
periods of low flow and spawning. Based on the preferred habitats of the fish 
found within the Project Area (Table 3–57), it is likely that an increase in stream-
flow would favor species such as the longnose dace, shovelnose sturgeon, and 
sturgeon chub. Other species that favor slower-moving streams, such as the black 
bullhead, common carp, fathead minnow, golden shiner, green sunfish, large-
mouth bass, plains minnow, quillback, rock bass, white sucker, and yellow perch, 
would be negatively affected by an increase in streamflow. 

Sedimentation 
Excessive sediments deposited on stream and lake bottoms can choke spawning 
gravels, impair sources of food for fish (macroinvertebrates), fill in rearing pools, 
and reduce complexity of the habitat in stream channels. Large quantities of sus-
pended sediment can also make it more difficult for fish to find prey and can 
cause direct physical harm, such as clogged gills. In some cases, anthropogenic 
disturbances that result in hydrologic modifications can cause sediment deficits 
that create stream channel scour and cause loss of habitat structure (EPA 1999). 

Erosion rates in stream channels increase along with instream flows, which may 
augment sedimentation in streams. Increased sedimentation can affect aquatic 
resources by filling interstitial (intergravel) spaces and pool habitats. This in-
crease in sedimentation can reduce the availability of suitable spawning and rear-
ing habitats. Aquatic macroinvertebrates are also highly dependent on interstitial 
spaces for different life stages, and sedimentation can cause large decreases in 
population and change species composition. Benthic invertebrates are excellent 
candidates for monitoring sediment conditions in streams because substrate is 
believed to be the most important factor in regulating invertebrate distribution 
and abundance at the local or reach scale (Zweig and Rabeni 2001). Changes in 
invertebrate communities caused by deposited sediment can be difficult to isolate 
and quantify because they often accompany other modifications in the stream 
such as removal of riparian vegetation, alterations of flow and temperature re-
gimes, and nutrient enrichment (Zweig and Rabeni 2001). These community 
changes can be detrimental to fisheries that depend on macroinvertebrates as 
primary food supplies and can change the abundance and diversity of fish popu-
lations. 

Increased sedimentation may also reduce productivity of, or eliminate, rooted and 
unrooted aquatic vegetation that many species of macroinvertebrates and fish 
depend on for food and habitat, which may reduce populations of fish and macro-
invertebrates. An increase in sediment load in the streams in the Project Area 
may have an impact on fish and macroinvertebrates and their habitats. Zweig and 
Rabeni (2001) reported that the density and taxa richness of benthic invertebrates 
substantially decreased in three of four Missouri study streams well before 30 
percent deposited sediment was reached. As deposited sediment increases, the 
community structure and diversity can also be altered. Community changes gen-
erally involve a shift in dominance from Ephemeroptera, Plecoptera, and 
Trichoptera to oligochaetes in general (Zweig and Rabeni 2001). Management of 



Chapter 4 — Environmental Consequences 

 4–239 PRB O & G FEIS 

the riparian zone has a strong influence on the degree that streams behave as 
sources or sinks of fine sediment (Rabeni and Smale 1995). Using a buffer strip 
to stabilize channels and collect extra sediment during high flows could be an 
option for mitigating the effects of siltation on stream fishes and macroinverte-
brates within the Project Area. 

Receiving waters in streams and rivers may become less turbid because produced 
water is relatively low in sediments. This decrease could be detrimental to fish 
that depend on turbid waters and may allow for more aggressive invasion of ex-
otic species. However, most of the species within the Powder River are tolerant 
of widely fluctuating environmental conditions, such as turbidity. Naturally oc-
curring turbid waters are generally well downstream of CBM discharge points; 
thus, turbidity would likely be at near-natural levels when CBM discharges enter 
waters that are more turbid. These effects would be minimal and isolated. 

The proposed addition of more than 17,000 miles of new roads within the Project 
Area would likely lead to increased traffic volumes and subsequently higher 
amounts of road dust in all sub-watersheds within the Project Area. Roads allow 
for increased runoff that leads to increased sedimentation. Increased sedimenta-
tion from roads would be most noticeable during storm events, for example, 
when wind blows dust from roads that may enter drainage systems. 

Site-specific information on rates of sediment deposition was not available for 
the watercourses within each sub-watershed. However, based on the assumption 
that sediment deposition will increase when CBM discharge represents a greater 
percentage of the minimum monthly flow of the affected main stems within the 
Project Area, the Upper Tongue River, Salt Creek, Middle Powder River, Upper 
Powder River, Clear Creek, and Crazy Woman Creek would not be expected to 
see noticeable increases in sedimentation. Impacts to aquatic species within these 
watercourses from sediment deposition would be minimal or non-existent. The 
other seven affected sub-watersheds may see noticeable increases in sedimenta-
tion, especially during periods of low flow. These sub-watersheds are the Little 
Powder River, Antelope Creek, Upper Cheyenne River, and Upper Belle Fourche 
River. Aquatic species in these sub-watersheds may be affected, as discussed 
above, by an increase in sedimentation. Based on the preferred habitats of the 
fish species found within the Project Area (Table 3–57), it is likely that an in-
crease in sediment loads would favor species such as the black bullhead, com-
mon carp, flathead chub, plains killifish, plains minnow, goldeye, river carp-
sucker, sand shiner, sturgeon chub, and white crappie. Species such as the brassy 
minnow, common shiner, creek chub, mountain whitefish, northern redhorse, 
brown trout, brook trout, cutthroat trout, Yellowstone cutthroat trout, rainbow 
trout, smallmouth bass, and walleye may be negatively affected by an increase in 
sediment. 

TMDL is the amount of pollutant a stream can accept and still meet designated 
uses. TMDLs must be established for each pollutant, including sediment, that is a 
source of impairment in the stream. To date, WDEQ has not developed TMDLs 
for sediment in the sub-watersheds located within the Project Area, but TMDLs 
may be required for sub-watersheds that show impairments to water quality from 
increased sediment loads. 
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Salt Concentrations 
Increases in concentrations of salt can alter the algae and macroinvertebrate 
composition of streams and, if sufficiently elevated, can change the abundance 
and diversity of fish species. Parameters such as EC, TDS, or salinity are used as 
a measure of the concentrations of common ions in fresh water (Mount et al 
1997). The toxicity of water high in TDS to some aquatic invertebrates depends 
on the specific ionic composition. Ion imbalance may result from the composi-
tion and concentration of anions and cations that make up salinity (Goodfellow et 
al. 2000). Toxicity is affected by the ionic composition of the effluent as well as 
the species and life history stage (Chapman et al. 2000 and Pillard et al. 1999). 
The EPA Phase 1 Toxicity Identification Evaluation (TIE) can be used to meas-
ure concentrations of specific inorganic ions. Most effluent toxicity testing meth-
ods generally do not attempt to segregate the effects of salinity or ionic strength 
on test and species performance based on cost and timing. Mount et al. (1997) 
developed models to test individual and combined ion toxicity on invertebrates 
such as C. dubia and D. magna and vertebrates such as the fathead minnow (P. 
promelas). The models followed the general guidelines of the EPA for conduct-
ing acute whole effluent toxicity (WET) tests (EPA 1994). These models can be 
used to project changes in toxicity that result from modifications in industrial 
processes, effluent treatment, or other remedial measures. As a general screening 
tool, the concentration of TDS can be high enough to adversely affect freshwater 
test species if the conductivity of a freshwater effluent is above 2000 µS/cm 
(Goodfellow et al. 2000). 

Little information exists on toxicity of TDS to organisms other than C. dubia, D. 
magna and P. promelas; however, Chapman et al. (2000) conducted toxicity tests 
on rainbow trout (Oncorhynchus mykiss) embryos and swim-up fry and larval 
chironomids (Chirnomus tentans). No adverse effects were apparent with early 
life stages of rainbow trout exposed to effluents with concentrations of TDS up to 
2,000 mg/L. Chironomids, however, exhibited reduced growth and survival at 
concentrations of TDS of approximately 2,000 mg /L (Chapman et al. 2000).  

Concentrations of TDS typically exceed the secondary drinking water standard of 
500 mg/L in most of the Project Area. Nearly 50 percent of the TDS concentra-
tions measured at water quality monitoring stations in the Project Area exceed 
2,000 mg/L (Lowry et al. 1986). Benthic macroinvertebrates and fish that inhabit 
these waters have adapted to these elevated concentrations of TDS. Concentra-
tions of TDS in CBM discharge range between 270 and 2,720 mg/L (Table 3–2). 
Discharges higher than 2,000 mg/L may cause adverse effects on invertebrates, 
as described by Chapman et al. (2000). 

Salinities projected for CBM produced water differ from the existing receiving 
waters. When mixing with discharges of CBM produced water, is modeled, salin-
ity, as measured by EC, in receiving waters is predicted to increase in the Upper 
Tongue River, Crazy Woman Creek, Clear Creek, and Middle Powder River sub-
watersheds during low flow. Salinity is expected to decrease in the Upper Pow-
der River, Little Powder River, Salt Creek, Antelope Creek, Upper Cheyenne 
River, and Upper Belle Fourche River sub-watersheds during low flow. 

Aquatic species may experience effects from the predicted changes in salinity, as 
discussed previously in this section. Fish present in Salt Creek, such as the fat-
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head minnow, flathead chub, longnose dace, plains minnow, sand shiner and 
white sucker, are all likely tolerant of high salinities and would be more tolerant 
of increases in salinity in other sub-watersheds. Other species found within the 
sub-watersheds with lower salinities may be less tolerant of increases in salinity. 

A recent study by the Montana Department of Fish, Wildlife, and Parks (Skaar 
2001) described concerns relating to sodium bicarbonate toxicity to aquatic life 
in the Powder and Tongue Rivers. Fish and macroinvertebrates could be nega-
tively affected by elevated levels of bicarbonate in the receiving sub-watersheds. 
Concentrations of bicarbonate are generally higher during low flow, and lower 
during high flow, resulting in greater accumulations and enhanced effects on 
aquatic life during low flow periods. The study suggests that bicarbonate levels 
should be monitored for their potential effects on aquatic life, especially fish. 
Low, moderate, and high probability thresholds were modeled for each river to 
establish lethal limits to the fathead minnow; these limits can then be generally 
applied to many species of fish. These thresholds could be used to initiate a 
monitoring program for bicarbonate in the sub-watersheds of the Project Area 
that would receive CBM produced water.  

In addition to salts added directly to surface drainages, CBM produced waters 
that do not reach drainages would evaporate and deposit salts in soils throughout 
the sub-watersheds. This accumulation of salts in the soils will continue as long 
as CBM produced water is discharged and may be released into surface drainages 
and groundwater for years after the discharge of water ceases, further increasing 
salinity in surface drainages and potentially affecting fish and macroinverte-
brates.  

Concentrations of Metals 
Some aquatic organisms are able to develop a tolerance to an increased concen-
tration of metals within the surrounding aquatic environment. Explanations to 
account for increased tolerance to contaminants include physiological acclima-
tion and genetic adaptation (Clements 1999). The physiological and genetic 
mechanisms responsible for tolerance may come with specific costs. Several 
studies have documented a tradeoff within individuals between the benefits of 
tolerance and the associated energetic costs, with consequences for populations 
and communities (Courtney and Clements 2000, Hickey and McNeilly 1975, 
Wilson 1988). Clements (1999) reported that both population-level responses and 
species replacement accounted for greater tolerance to high concentrations of 
metals of aquatic invertebrates in a stream contaminated by metals. Clements 
(1999) also hypothesized that chronic exposure of mayflies to a stream contami-
nated by metals affected their ability to detect or avoid predators, causing preda-
tion to increase.  

Levels of selenium in CBM produced water in the Project Area are lower than 
Wyoming water quality standards. Concentrations of selenium were below 
2 µg/L for all samples tested within the Project Area. All concentrations of trace 
elements were uniformly low and were below the primary and secondary maxi-
mum contaminant levels for drinking water established by EPA. Concentrations 
of selenium are generally higher during low flow, and lower during high flow, 
resulting in greater accumulations during low flow. Effects of selenium on fish 
may range from physical malformations during embryonic development to steril-
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ity and death (Lemly and Smith 1987). Concentrations greater than 2 to 5 µg/L in 
water can cause reproductive failure or mortality in fish through bioaccumulation 
in the food chain (Lemly and Smith 1987). Selenium can be absorbed or ingested 
by organisms, can bind to particulate matter, or can remain free in solution. Sele-
nium usually accumulates in the top layer of sediment and detritus. Selenium can 
then be cycled back into the biota and remain at elevated levels for years after 
input has stopped (Lemly and Smith 1987). Generally, flowing waters accumu-
late less selenium than do standing waters that have low flushing rates, and re-
covery is much slower in shallow impoundments and wetlands than in fast-
flowing rivers and streams (Lemly and Smith 1987). 

Although mean concentrations of selenium were measured below specified stan-
dards, bioaccumulation may increase as more selenium is introduced into the 
ecosystem. Selenium could reach harmful levels for fish over the life of the pro-
ject. It is anticipated that concentrations of selenium in containment impound-
ments would be higher than in the stream and river systems within the 10 sub-
watersheds in the Project Area because of evaporative concentration over time. 
Containment impoundments receiving discharges of CBM produced water would 
have NPDES monitoring requirements for selenium because of its bioaccumula-
tive nature. Fish and macroinvertebrates that may inhabit ponds and reservoirs 
that receive CBM produced water may experience effects from bioaccumulation 
of selenium. Fish and macroinvertebrates in stream and river systems within the 
affected sub-watersheds may be affected by increased selenium input; however, 
WDEQ issued NPDES-permits would establish effluent limitations on CBM dis-
charges for selenium and other metals that would be protective of aquatic life. 

Water Temperature 
Water temperature can affect growth, metabolism, reproduction, emergence, and 
the distribution of aquatic species (Vannote and Sweeney 1980). The magnitude 
and pattern of historical, annual, seasonal, and daily fluctuations in temperature 
may be important in selecting and maintaining a variety of aquatic insects in a 
stream reach (Vannote and Sweeney 1980). Sudden increases or decreases in wa-
ter temperature could result in population- and community-level changes in 
aquatic insects within the Project Area. 

The temperature of CBM discharge water varies throughout the Project Area and 
ranges between 12 and 29°C with a median of 19°C. The temperature of streams 
within the Project Area can range from 0°C during winter to 25°C or more during 
summer; therefore, changes in temperature are not expected to be dramatic but 
would vary depending on the location of CBM discharge. 

Spills of Fuel and Drilling Fluid 
Spills of fuel and drilling fluid can result in fish and macroinvertebrate kills and 
degradation of habitat. The severity and scope of a stream kill would depend on 
the volume spilled, the distance of the spill from surface water, and the chemical 
and toxicological properties of the materials spilled. BMPs outlined in the APD 
permitting process would help limit the number of spills of fuel and drilling fluid. 
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Species Diversity 
As previously discussed, the effects of CBM on aquatic species, such as changes 
in water flow, temperature, sedimentation, turbidity, and concentrations of salts 
and metals, could have an effect on all four levels of biodiversity (genetic, popu-
lation/species, community/ecosystem, and landscape). The severity of these ef-
fects would increase as these conditions remain altered for longer periods. The 
longer CBM produced waters enters drainages, the higher the probability for sub-
stantial effects to species diversity over large portions of drainages. Potential 
changes in species diversity would be the greatest under Alternative 1 because 
this alternative would have the greatest impact on aquatic ecosystems. 

Trans-boundary Water Quality Effects 
The states of Wyoming and Montana have developed an Interim Water Quality 
Criteria MOC, which states that water quality in streams and rivers that enter 
Montana from Wyoming will not exceed set limits for toxicity caused by CBM 
produced water discharged in Wyoming. Sufficient mitigation measures would 
be in place to ensure that water quality would not be degraded substantially at the 
border between Wyoming and Montana (Appendix B). 

Alternative 2A 
Under Alternative 2A, the same number of CBM wells and the same volume of 
water production would occur as under Alternative 1. Alternative 2A involves 
different handling techniques for the produced water in certain sub-watersheds, 
emphasizing discharge of CBM water to infiltration impoundments. Approxi-
mately 31 percent of the proposed wells would discharge produced water on the 
surface and 55 percent would discharge produced water to infiltration reservoirs. 
Thus, the volume of water discharged to surface drainages would be less than 
under Alternative 1. Ten of 18 sub-watersheds would receive produced water 
under this alternative. Effects to water quality would be similar to Alternative 1, 
but the magnitude would be proportionately lower because of the reduction in the 
volume of produced water discharged to surface drainages. 

Timing and Quantity of Stream Flows 
Stream flows supplemented by CBM water would increase by varying degrees 
from baseline conditions under Alternative 2A. The Upper Tongue River, Salt 
Creek, Crazy Woman Creek, and Clear Creek sub-watersheds would not see no-
ticeable increases in stream flows during low flow. The Upper Powder River, 
Middle Powder River, Little Powder River, Antelope Creek, Upper Cheyenne 
River, and Upper Belle Fourche River sub-watersheds may see noticeable in-
creases in stream flows during low flow. Aquatic species in these sub-watersheds 
may be affected, as discussed above under Alternative 1; however, the degree of 
effect would be substantially less under Alternative 2A than under Alternative 1. 

Sedimentation 
Because a smaller volume of CBM produced water would be discharged to sur-
face drainages under Alternative 2A, the degree of sedimentation in rivers and 
streams would be less than under Alternative 1, although the types of potential 
impacts would be similar. 
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The Upper Tongue River, Salt Creek, Middle Powder River, Upper Powder 
River, Clear Creek, and Crazy Woman Creek would not see noticeable increases 
in stream flows during low flow or increased sedimentation, and impacts to 
aquatic species would be minimal or non-existent. The Little Powder River, An-
telope Creek, Upper Cheyenne River, and Upper Belle Fourche River sub-
watersheds may see noticeable increases in sediment loads. Aquatic species in 
these sub-watersheds may be affected, as discussed above, by an increase in 
sedimentation, but impacts would be substantially less than under Alternative 1. 

Concentrations of Salt 
Changes in concentrations of salt in surface waters that receive CBM produced 
water would also be less under Alternative 2A than under Alternative 1, although 
the types of potential impacts would be similar. Salinity would change as de-
scribed under Alternative 1, but to a lesser degree under Alternative 2A. Related 
impacts to fish and macroinvertebrates would therefore be less under Alternative 
2A. 

Metals 
Changes in concentrations of metals in surface waters that receive CBM pro-
duced water would also be less under Alternative 2A than under Alternative 1, 
although the types of potential impacts would be similar. Concentrations of met-
als would change as described under Alternative 1, but to a lesser degree under 
Alternative 2A. Related impacts to fish and macroinvertebrates would therefore 
be less under Alternative 2A. 

Spills of Fuel and Drilling Fluid 
The potential for spills of fuel and drilling fluid to affect fish and macroinverte-
brates would be reduced under Alternative 2A compared with Alternative 1 be-
cause less CBM produced water would be available to convey pollutants to sur-
face drainages. 

Species Diversity 
As previously discussed, the effects of CBM activities on aquatic species, such as 
changes in water flow, temperature, sedimentation, turbidity, and concentrations 
of salts and metals, could have an effect on all four levels of biodiversity (ge-
netic, population/species, community/ecosystem, and landscape). The severity of 
these effects would increase as these conditions remain altered for longer periods. 
The longer CBM produced waters enter drainages, the greater the probability for 
substantial effects to species diversity over large portions of drainages. Potential 
changes in species diversity would be similar under Alternative 2A to Alternative 
1, although they would occur at a lesser degree because of the reduction in im-
pacts to aquatic ecosystems under this alternative. 

Alternative 2B 
Under Alternative 2B, the same number of CBM wells and the same volume of 
water production would be projected as under Alternative 1. Alternative 2B in-
volves different methods of handling the produced water in certain sub-
watersheds, emphasizing active treatment and discharge to infiltration impound-
ments. Approximately 45 percent of the proposed wells would discharge pro-
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duced water on the surface and 39 percent would discharge produced water to 
infiltration reservoirs. Ten of 18 sub-watersheds would receive produced water. 
Effects to water quality would be similar to Alternative 1, but proportionately 
lower because of the reduction in the volume of produced water discharged to 
surface drainages and the proportion of water to undergo active treatment. 

Timing and Quantity of Stream Flows 
Flows supplemented by CBM produced water would increase from baseline con-
ditions under Alternative 2B. The Upper Tongue River, Salt Creek, Clear Creek, 
and Crazy Woman Creek sub-watersheds would not see noticeable increases in 
stream flows during low flow. The Upper Powder River, Middle Powder River, 
Little Powder River, Antelope Creek, Upper Cheyenne River, and Upper Belle 
Fourche River sub-watersheds may see noticeable increases in stream flows dur-
ing low flow. Aquatic species in these sub-watersheds may be affected, as dis-
cussed above under Alternative 1; however, the degree of the effect would be less 
under Alternative 2B than under Alternative 1. 

Sedimentation 
Because a smaller volume of CBM produced water would be discharged to sur-
face drainages under Alternative 2B, the degree of sedimentation in rivers and 
streams would be less than under Alternative 1, although the types of potential 
impacts would be similar. The Upper Tongue River, Upper Powder River, Salt 
Creek, Crazy Woman Creek, Clear Creek, and Middle Powder River would not 
see noticeable increases in sedimentation and impacts to aquatic species would 
be minimal or non-existent. The Little Powder River, Antelope Creek, Upper 
Cheyenne River, and Upper Belle Fourche River sub-watersheds may see notice-
able increases in sediment loads. Aquatic species in these sub-watersheds may be 
affected, as discussed above, by an increase in sedimentation, but impacts would 
be substantially less than under Alternative 1. 

Concentrations of Salt 
Changes in concentrations of salt in surface waters that receive CBM produced 
water would be less under Alternative 2B than under Alternative 1, although the 
types of potential impacts would be similar. Salinity would change as described 
under Alternative 1, but these changes would occur to a lesser degree under Al-
ternative 2B because of the proportion of water to undergo active treatment. Re-
lated impacts to fish and macroinvertebrates would therefore be less under Alter-
native 2B than under Alternative 1. 

Metals 
Changes in concentrations of metals in surface waters that receive CBM pro-
duced water would be less under Alternative 2B than under Alternative 1, al-
though the types of potential impacts would be similar. Concentrations of metals 
would change as described under Alternative 1, but to a lesser degree under Al-
ternative 2B because of the proportion of water to undergo active treatment. Re-
lated impacts to fish and macroinvertebrates would therefore be less under Alter-
native 2B. 
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Spills of Fuel and Drilling Fluid 
The potential for spills of fuel and drilling fluid to affect fish and macroinverte-
brates would be reduced under Alternative 2B compared with Alternative 1 be-
cause less CBM produced water would be available to convey pollutants to sur-
face drainages. 

Species Diversity 
As previously discussed, the effects of CBM activities on aquatic species, such as 
changes in water flow, temperature, sedimentation, turbidity, and concentrations 
of salts and metals, could have an effect on all four levels of biodiversity (ge-
netic, population/species, community/ecosystem, and landscape). The severity of 
these effects would increase as these conditions remain altered for longer periods. 
The longer CBM produced waters enters drainages, the greater the probability for 
substantial effects to species diversity over large portions of drainages. Potential 
changes in species diversity would be similar under Alternative 2B to Alternative 
1, although they would occur at a lesser degree because of the reduction in im-
pacts to aquatic ecosystems under this alternative. 

Alternative 3 
Under Alternative 3, no new CBM wells would be completed on federal leases 
within the Project Area. The proportions of the various methods of water han-
dling would be the same as under Alternative 1. Water production would be less 
under Alternative 3 than under Alternative 1. Thus, the volume of water dis-
charged to surface drainages would be less than under Alternatives 1, 2A, and 
2B. Ten of 18 sub-watersheds would receive produced water. Approximately 54 
percent of the proposed wells would discharge produced water on the surface and 
29 percent would discharge produced water to infiltration reservoirs. Effects to 
water quality would be similar to Alternative 1, but would be proportionately 
lower based on the reduction in the volume of produced water discharged to sur-
face drainages.  

Timing and Quantity of Stream Flows 
Flows supplemented by CBM produced water would increase slightly from base-
line conditions under Alternative 3. The Upper Tongue River, Salt Creek, Crazy 
Woman Creek, and Clear Creek sub-watersheds would not see noticeable in-
creases in stream flows during low flow. The Upper Powder River, Middle Pow-
der River, Little Powder River, Antelope Creek, Upper Cheyenne River, and Up-
per Belle Fourche River sub-watersheds may see noticeable increases in stream 
flows during low flow. Aquatic species in these sub-watersheds would be af-
fected, as discussed above under Alternative 1; however, the degree of the effect 
would be substantially less under Alternative 3 than under Alternative 1. 

Sedimentation 
Because a smaller volume of CBM produced water would be discharged to sur-
face drainages under Alternative 3, the degree of sedimentation in rivers and 
streams would be substantially less than under Alternative 1, although the types 
of potential impacts would be similar. Noticeable increases in sedimentation 
would not be expected for the Upper Tongue River, Salt Creek, Crazy Woman 
Creek, Upper Powder River, and Middle Powder River sub-watersheds during 
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low flows. Impacts to aquatic species within these streams from deposition of 
sediment would be minimal or non-existent. The Little Powder River, Antelope 
Creek, Upper Cheyenne River and Upper Belle Fourche River sub-watersheds 
may see noticeable increases in sediment loads during low flows. Aquatic species 
in these sub-watersheds may be affected, as discussed above, by an increase in 
sedimentation, but impacts would be substantially less than under Alternative 1. 

Concentrations of Salt 
Changes in concentrations of salt in surface waters that receive CBM produced 
water would be less under Alternative 3 than under Alternative 1, although the 
types of potential impacts would be similar. Salinity would change as described 
under Alternative 1, but to a lesser degree under Alternative 3. Related impacts to 
fish and macroinvertebrates would therefore be less under Alternative 3 than un-
der Alternative 1. 

Metals 
Changes in concentrations of metals in surface waters that receive produced wa-
ter would be less under Alternative 3 than under Alternative 1, although the types 
of potential impacts would be similar. Concentrations of metals would change as 
described under Alternative 1, but to a lesser degree under Alternative 3. Related 
impacts to fish and macroinvertebrates would therefore be less under Alternative 
3. 

Spills of Fuel and Drilling Fluid 
The potential for spills of fuel and drilling fluid to affect fish and macroinverte-
brates would be reduced under Alternative 3 compared with Alternative 1 be-
cause less CBM produced water would be available to convey pollutants to sur-
face drainages. 

Species Diversity 
As previously discussed, the effects of CBM activities on aquatic species, such as 
changes in water flow, temperature, sedimentation, turbidity, and concentrations 
of salts and metals, could have an effect on all four levels of biodiversity (ge-
netic, population/species, community/ecosystem, and landscape). The severity of 
these effects would increase as these conditions remain altered for longer periods. 
The longer CBM produced waters enter drainages, the greater the probability for 
substantial effects to species diversity over large portions of drainages. Potential 
changes in species diversity would be similar under Alternative 3 to Alternative 
1, although they would occur at a lesser degree because of the reduction in im-
pacts to aquatic ecosystems under this alternative. 

Cumulative Effects 
Current major land uses in the Project Area include livestock grazing, agricul-
ture, mining, CBM gas development, and conventional oil and gas development. 
The proposed project would contribute to ongoing effects to aquatic life from all 
of these land uses. Implementation of each of the alternatives would contribute to 
cumulative effects on aquatic species in the Project Area. The proposed alterna-
tives, combined with the potential for future CBM projects that are not addressed 
in this document, may lead to potential cumulative effects that include fluctua-
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tions in stream flow, fluctuations in sedimentation, increases in concentrations of 
salt, increases in contaminants in waterways, and changes in water quality, habi-
tats, and species diversity. Each alternative would contribute to cumulative ef-
fects in varying degrees, as discussed above. 

In addition to an increase in flow in the sub-watersheds that receive CBM pro-
duced waters, coal mines in the Project Area discharge water from pits into sur-
face drainages. Coal mine records for the Project Area indicate that water is gen-
erally discharged from pits only after storms, when the quality of the coal mine 
discharge water is similar to the quality of receiving water. These discharges 
would not affect sedimentation or water quality to a large degree, but would add 
to already increased instream flows during high runoff. Coal mines are located in 
sub-watersheds within the Project Area that include Upper Cheyenne River, Up-
per Belle Fourche River, and Little Powder River. These cumulative impacts 
would affect aquatic species in the same ways as were discussed above. After 
CBM development is completed, flows would return to the current regime. 

The proposed project would lead to an overall increase in sediment load in drain-
ages within the Project Area and would contribute to increased sedimentation 
caused by existing land uses in the area. Increased flow of CBM produced water 
and sedimentation related to construction of new roads would be the primary 
contributor to increased sediment load in drainage systems. Much of the sediment 
produced by the project would be collected in ponds and reservoirs throughout 
the Project Area and would likely be flushed through the drainage systems for 
years after discharge of CBM water ceased. Increased sediment load may also 
change or eliminate existing habitats for fish and macroinvertebrate over the long 
term; these changes in habitat may favor exotic species over native species. 

Agriculture and livestock grazing are currently the primary sources that introduce 
salt to surface drainages, and CBM produced waters would contribute additional 
salts. In addition to salts added directly to surface drainages, CBM produced wa-
ters that do not reach drainages (for example, as a result of containment, LAD, 
and injection) will evaporate and deposit salts in soils throughout the sub-
watersheds. This accumulation of salts in the soils will continue as long as CBM 
produced water is discharged. These salts and may be released into surface drain-
ages and groundwater for years after discharge of water ceases, further increasing 
salinity in surface drainages and potentially affecting fish and macroinverte-
brates.  

Water quality would continue to change throughout the Project Area both during 
and after the life of the project and potentially would continue to affect aquatic 
life in drainages already affected by existing land uses. Long-term effects to wa-
ter quality that would continue after CBM wells cease discharging could include 
increased concentrations of selenium, bicarbonate, and other salts, and sediment 
load. Project adherence to WDEQ-issued NPDES requirements are expected to 
minimize long-term effects to water quality and aquatic life. Because sub-
watersheds in the Project Area would be subjected to a variety of chemical 
stressors during CBM development and production, potential interactions be-
tween effluents high in TDS may negatively affect a variety of aquatic species. In 
specific cases where acute effects on aquatic organisms are observed, evaluation 
of the composition of the water using both salinity and single-ion models may be 
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a way of quickly screening effluents for potential ion-related toxicity (Pillard et 
al. 1999).  

All of the cumulative effects may influence current species diversities of fish and 
macroinvertebrates. Long-term cumulative effects may alter water quality and 
fish habitats to the extent that exotic species can inhabit these streams and rivers 
more effectively than native species, leaving more exotic species and fewer na-
tive species. 

Alternative 1 
Under Alternative 1, cumulative effects would be highest in the Antelope Creek, 
Upper Belle Fourche River, Upper Cheyenne River, Little Powder River, Upper 
Powder River, Crazy Woman Creek, Clear Creek, Middle Powder River, Upper 
Tongue River, and Salt Creek sub-watersheds. This conclusion is based on the 
increase in surface water flows caused by discharge of CBM produced water and 
the percentage of CBM discharge in relation to the minimum monthly flow. De-
velopment of new roads would also contribute to cumulative effects in sub-
watersheds that would not receive discharged CBM water. Alternative 1 would 
have the most cumulative impacts of the three alternatives.  

Alternative 2A 
Under Alternative 2A, cumulative effects would affect the same sub-watersheds 
as Alternative 1. Although the types of potential impacts would be similar, cumu-
lative overall impacts would be greater under Alternative 2A than Alternatives 
2B and 3, but less than Alternative 1. This conclusion is based on the increase in 
surface water flows caused by discharge of CBM produced water and the per-
centage of CBM discharge in relation to the minimum monthly flow. Develop-
ment of new roads would also contribute to cumulative effects in watersheds that 
would not receive discharged CBM water. 

Alternative 2B 
Under Alternative 2B, cumulative effects would affect the same sub-watersheds 
as Alternatives 1 and 2A. Although the types of potential impacts would be simi-
lar, cumulative overall impacts would be greater under Alternative 2B than Al-
ternative 3, but less than Alternatives 1 and 2A. This conclusion is based on the 
increase in surface water flows caused by discharge of CBM produced water and 
the percentage of CBM discharge in relation to the minimum monthly flow. De-
velopment of new roads would also contribute to cumulative effects in water-
sheds that would not receive discharged CBM water. 

Alternative 3 
Under Alternative 3, cumulative effects would affect the same sub-watersheds as 
Alternatives 1, 2A, and 2B. Although the types of potential impacts would be 
similar, cumulative overall impacts would be less under Alternative 3 than Alter-
natives 1, 2A, and 2B. This conclusion is based on the increase in surface water 
flows caused by discharge of CBM produced water and the percentage of CBM 
discharge in relation to the minimum monthly flow. Development of new roads 
would also contribute to cumulative effects in watersheds that would not receive 
discharged CBM water. 
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Threatened, Endangered, or Sensitive Species 
Potential effects to threatened, endangered, or sensitive (special-status) species 
would be similar to those described for vegetation and wildlife. The nature and 
extent of effects to a specific species would depend on life history and habitats 
used. Direct effects to special status plant species would occur from disturbance 
or removal of individuals or populations from construction of well pads, com-
pressor stations, ancillary facilities, associated pipelines, water-handling facili-
ties, and roads. Indirect effects to special status plant species would include an 
increase in the potential for introduction and spread of noxious weeds that may 
displace native plants, and alteration or destruction of suitable habitats caused by 
changes in water quality and quantity. 

Effects to special-status wildlife species would include: (1) direct injury or mor-
tality, including poaching, poisoning or trapping; (2) indirect injury or mortality, 
including effects from water disposal, electrocution by or collisions with above-
ground utility lines and poles, and collisions with vehicles; (3) harassment or dis-
placement of individuals during project phases; and (4) direct disturbance, de-
struction, or fragmentation of habitats as the result of development and produc-
tion activities, including water disposal, that may change the availability and ef-
fectiveness of the habitat. The magnitude of effects to special status species 
would depend on a number of factors, including recommended and required 
mitigation measures. 

Direct disturbance to the habitats of special-status species would occur in each of 
the 18 sub-watersheds and under each alternative. Indirect effects, including dis-
placement, would occur in varying degrees during the construction, production, 
and decommissioning and abandonment phases of the project. Species would 
avoid areas and move to other locations in response to the increased levels of 
human activity, equipment operation, vehicular traffic, and noise associated with 
all phases of the project. This avoidance could result in the under use of other-
wise suitable habitats depending on the extent of the disturbance (in both time 
and space). The value of these habitats could be diminished. Additionally, distri-
bution patterns could be altered and competition for resources could be increased 
in unaffected habitats. The degree of habitat avoidance would vary among spe-
cies and among individuals of any species. Mitigation measures expected to 
eliminate or minimize potential effects to threatened and endangered wildlife and 
plant species are provided at the end of this chapter. 

The comparison of Alternatives 1, 2A, and 2B is solely based on acres of surface 
disturbance that result from water disposal because of the equivalent number of 
proposed wells, roads, and other facilities. Alternatives 1, 2A, and 2B each pro-
pose similar numbers of CBM and non-CBM wells. Therefore, potential effects 
to habitats of special-status species would be similar. Disturbances that result 
from methods of water handling are not equal among these alternatives. Alterna-
tive 1 would affect 27,009 acres, Alternative 2A would affect 36,263 acres, and 
Alternative 2B would affect 32,653 acres. Alternative 3 differs from these alter-
natives by proposing a lower number of wells, roads, and facilities, and subse-
quently requiring a lower capacity for disposal of water. Alternative 3 would re-
sult in the addition of fewer CBM and non-CBM wells, resulting in effects to 
38 percent fewer total acres than Alternatives 1, 2A, and 2B. Methods of water 
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handling under Alternative 3 would result in the disturbance of 14,384 acres (be-
tween 40 and 53 percent of Alternatives 1, 2A, and 2B) that could affect habitat 
for sensitive species, which is also less than the other three alternatives. In addi-
tion to the discussions below, more detail on the analysis of listed species is in-
cluded in Appendix J (Biological Assessment) and Appendix K (Biological 
Opinion). 

Species Listed by USFWS 

Black-footed Ferret 
The potential for direct effects to the black-footed ferret is minimal. No popula-
tions of this species are known in the Project Area. However, disturbance to po-
tential black-footed ferret habitats that exist within black-tailed prairie dog colo-
nies would occur. Most of the larger prairie dog colonies that would be capable 
of supporting ferret populations have been surveyed to rule out the presence of 
the ferret. Any colonies that meet USFWS’ guidelines for potential black-footed 
ferret habitat, and that have not been previously surveyed, would be surveyed for 
ferrets. No activities would occur in any colonies contain ferrets. 

Bald Eagle 

Injury or Mortality 
Bald eagles may be affected in several ways. Construction would not cause direct 
injury or mortality to bald eagles because eagles would not be in close proximity 
to construction. Mitigation measures included as part of the action would limit 
new surface disturbance and occupancy in bald eagle nesting and winter roosting 
habitats, further minimizing the potential for direct injury or mortality to individ-
ual eagles. Another source of injury or mortality to eagles may be from inten-
tional or unintentional shooting, poisoning, or trapping. Because the project 
would result in an increase opportunity for exposure of bald eagles to humans, 
these sources of injury or mortality may increase over existing, pre-project levels. 

Utility Line Electrocution and Collisions 
Construction of aboveground power lines may result in collisions or electrocu-
tions causing injury or mortality to bald eagles. Since 1997, the number of re-
ported collisions and electrocutions for bald eagles and golden eagles in the PRB 
has steadily increased (Seacross 2002). Several specific measures have been in-
cluded as part of the proposed action to minimize the potential for collision or 
electrocution, such as: (1) burial of utility lines, if possible; (2) avoidance of ar-
eas where raptors may frequently hunt (for example; wetlands, prairie dog towns, 
and sage grouse habitat), and (3) application of APLIC (1994, 1996) standards to 
line spacing, conductor layout, and utility pole construction. A monitoring pro-
gram intended to evaluate the effectiveness of these mitigation measures would 
be included as part of the proposed action. Information from the monitoring pro-
gram would be used to evaluate and modify, if necessary, these mitigation meas-
ures. 
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Vehicle Collisions 
Bald eagles may experience injury or mortality through collisions with vehicles. 
The number of bald eagle collisions with vehicles may increase in the Project 
Area as the result of the increase in traffic. Increases in the volume of traffic 
would result in an increase in roadside carrion on which bald eagles commonly 
feed. Traffic is expected to be the greatest during the construction phase and to 
diminish during the production and decommissioning and abandonment phases to 
levels similar to pre-project conditions. As part of this alternative, mitigation 
measures have been proposed to monitor carrion along roadways with the intent 
of evaluating potential risks to bald eagles and other raptors. An additional meas-
ure would restrict the maximum design speed of all operator constructed and 
maintained roads to 25 mph to minimize the potential for collisions with wildlife 
and eagles. 

Habitat Disturbance or Destruction 
New surface disturbance to bald eagle nesting and winter roosting areas would be 
restricted within specific buffer zones and during specific times. In some cases, 
direct physical disturbance caused by construction of a road or buried utility line 
may occur in habitats suitable for nesting and winter roosting. This disturbance 
would be uncommon and would occur only if no other alignments were avail-
able. The proposed project would comply with site-specific timing limitations 
and mitigation measures for surface disturbance as identified during project spe-
cific consultation with the USFWS. Nesting and roosting habitats may also ex-
hibit effects caused by changes in local water quality and quantity that would 
result from disposal of water. Construction of project facilities, including well 
pads, compressor stations, roads, and surface water impoundments, would disturb 
or destroy a variety of terrestrial habitats, including some that may be suitable for 
foraging by bald eagles. The project would disturb or destroy terrestrial habitats 
that support typical prey. Some species of prey may respond positively to these 
changes in the habitat, whereas others may experience negative effects. Overall, 
the collective distribution and occurrence of prey for the bald eagle throughout 
the Project Area would not experience effects at a scale sufficient to reduce over-
all availability. 

Methods for disposal of water may affect aquatic habitats used for foraging by 
bald eagles. The effects of the increased volume of water as the result of the vari-
ous disposal methods may disturb, destroy, augment, or create aquatic foraging 
habitats for the bald eagle. The increased volume of water may disrupt aquatic 
environments that lead to changes in the local occurrence of fish and waterfowl. 
Conversely, an increased volume of water may improve habitats that were previ-
ously unsuitable for fish or waterfowl. These changes may expand or create new 
aquatic habitats for foraging bald eagles. The potential effects to terrestrial and 
aquatic foraging habitats would not result in detrimental changes to the condition 
or reproductive status of individual eagles or affect the status of or trend in the 
population of bald eagles in Wyoming. 

The potential for fragmentation of habitats to affect a species is relevant when it 
occurs at a scale similar to the species and therefore potentially alters life history 
processes (for example, restricts movement or creates ineffective habitat 
patches). Fragmentation of habitats associated with the project would not limit 
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movement of bald eagles or result in habitat patches that are unsuitable for forag-
ing bald eagles. 

Human Disturbance 
Many of the eagles that occur in the Project Area may be unaccustomed to hu-
man activity because of the current lack of human activity throughout most of 
this area. Nesting and winter roosting eagles can exhibit heightened sensitivity to 
human disturbances, whereas foraging eagles are relatively less sensitive (Steen-
hof 1978). The project, including new surface disturbance associated with con-
struction, production, and decommissioning and abandonment, would harass or 
displace nesting, winter roosting, or foraging bald eagles. Included as part of the 
project are measures that would eliminate human presence within 1 mile of nest-
ing and winter roosting areas during the appropriate seasons. Depending on the 
type of activity, time of year, disposition of the eagle, and previous exposure to 
human activity, these measures may vary in their effectiveness. Consequently, 
monitoring of bald eagle nests and roosts would occur (Appendix D). Results of 
the monitoring would be used to evaluate and modify, if necessary, mitigation 
measures specific to bald eagles. The relative widespread occurrence of terres-
trial foraging habitats in the Project Area and the diffuse nature of the expected 
human activity would not cause detrimental changes to terrestrial foraging pat-
terns for the bald eagle. Most human activity would be associated with construc-
tion of project facilities, but would then diminish during the operation and deco-
missioning and abandonment phases. Human activities would be the lowest dur-
ing the production phase and can be characterized as regular and low intensity. 
During decommissioning and abandonment of facilities, local levels of activity 
would temporarily increase for a period sufficient to complete habitat restoration. 

Ute Ladies’-tresses Orchid 
The potential for direct effects to this species would be minimal. No oil or gas 
wells currently exist in the upper portion of the Antelope Creek sub-watershed 
near the only known occurrence of this species within the Project Area. None of 
the wells that are proposed as a part of this project would be constructed near that 
location. 

However, the potential exists for other populations of this species to occur in the 
Project Area. Surveys of potentially suitable habitats (wetlands and riparian ar-
eas) would be required before construction begins. In addition, efforts would be 
made to avoid habitats that are suitable for this species. Because of the ability of 
this species to persist below ground or aboveground without flowering, single-
season surveys that meet USFWS’ current guidelines may not detect populations. 
As a result, part or all of undetected populations could be lost through actions 
that disturb the surface. 

If unknown populations of this species exist in the Project Area, they could be 
affected by hydrological alterations associated with the project. The discharge of 
produced water could alter the distribution and extent of riparian and wetland 
areas, and the net effect could be an increase in their extent. This increased extent 
may provide additional habitat for the Ute ladies’-tresses orchid in areas that are 
not currently suitable, while at the same time rendering some current habitat un-
suitable. Pumping of CBM wells could lower groundwater tables and causing a 
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loss of riparian and wetland vegetation in isolated areas where coal seams are 
near shallow alluvium. In some situations, the level of groundwater may be sup-
plemented and not depleted depending on the methods used for handling the pro-
duced water. Increases in levels of groundwater may augment existing or create 
new habitats. Effects along any drainage would depend on the amount, timing, 
and location of water discharge, stream geomorphology, precipitation, and other 
factors. Habitats and populations of this species may be affected by increased 
erosion or sediment deposition. Some streams would be greatly affected by dis-
charge, while others would be affected only minimally or not at all. 

Both direct and indirect disturbances to populations and habitats of the Ute la-
dies’-tresses orchid have the potential to increase the distribution and extent of 
noxious weeds, such as Canada thistle, that occur in similar habitats. Dense 
populations of noxious weeds would reduce the amount of habitats available to 
the orchid and could exclude the orchid from infested areas. 

Preble’s Meadow Jumping Mouse 
This species would not be affected by the project because it does not occur in 
parts of the Project Area that would be affected by development. Discharge of 
produced water to the North Platte River would not affect the overall hydrologic 
regime of this large river system, which is where the occurrence of this species 
has been documented. 

Mountain Plover 
The project has the potential to cause direct and indirect effects to the mountain 
plover. Direct disturbance or destruction of nests and injury or mortality to indi-
viduals may occur as a result of vehicle collisions and equipment operation in 
nesting areas. A requirement for surveys of all habitats potentially suitable for 
mountain plovers would occur before any ground disturbing activities begin. Fol-
lowing USFWS’ guidelines (USFWS 2002b), these surveys would identify the 
presence of nesting mountain plovers and active nests in all areas to be devel-
oped. Results of these surveys would be used to establish appropriate buffers 
around identified nests. These efforts would minimize direct injury and mortality 
to mountain plover eggs, chicks, or adults. Additionally, USFWS identified a 
variety of mitigation measures for protecting the mountain plover. These meas-
ures are identified in the mitigation section, which begins on page 4–400. 

Mountain plovers are known to occupy suitable microhabitats in the Project Area 
(for example; flat terrain, patches of bare ground with vegetation less than 
4 inches in height) within the short-grass prairie and sagebrush-grasslands vege-
tation types. As many as 55,540 acres of short-grass prairie and sagebrush grass-
lands would be disturbed by construction of project facilities. This estimate 
represents 1 percent of the total 5,507,953 acres of short-grass prairie and sage-
brush grasslands within the Project Area. Identification and avoidance of moun-
tain plover nesting areas and minimization of disturbance to prairie dog colonies 
would reduce the potential for disturbing mountain plover habitats. Habitats that 
may be suitable for mountain plovers but determined to be unoccupied would 
experience some degree of disturbance as the result of project-related activities. 
The acreage is difficult to quantify because of the variety of factors that control 
the amount of potential disturbance in any habitat, including the distribution and 



Chapter 4 — Environmental Consequences 

 4–255 PRB O & G FEIS 

proportion of habitats in relation to the proposed, but unmapped, development. 
Disturbances of mountain plover habitat would be reclaimed after the project 
ends. Reports of take combined with results of pre-construction surveys would 
contribute to the understanding of the occurrence of mountain plovers and their 
habitats within the Project Area and support evaluation and modification, if nec-
essary, of mitigation measures for the mountain plover. 

Preferred nesting habitats, such as bare soil, may be created by the project. Al-
though they would provide habitats, these areas are also likely cause nests to be 
abandoned or destroyed when activities continue during the nesting season. The 
potential for this type of impact to occur would be greatest during the production 
phase, when limited intermittent activity would occur at well pads and along 
some access roads. Mountain plovers may arrive and begin nesting on bare 
ground in these areas, only to be disturbed or have their nests destroyed when the 
road is used or the well pad is visited. This impact is most likely when activities 
occur at an interval of one week or more. During the construction phase, con-
tinuous activity is likely to prevent establishment of the nest. 

Chicks and eggs in nests may be lost if harassment or displacement occurs fre-
quently, preventing adults from tending to chicks or nests and allowing excessive 
heating, chilling, or predation to occur. Frequent harassment or displacement 
may lead to abandonment of the nest. Re-nesting may take place, but a net loss in 
reproductive potential would have occurred because of the loss of the initial nest. 
Mountain plovers also show a high rate of fidelity to the nest site, often using the 
same general area year after year. Modifications that make these areas less suit-
able for nesting may result in decreased reproductive success. New nests may be 
built in habitats that are less suitable, again potentially resulting in lower repro-
ductive success. Requiring pre-construction surveys of potentially suitable moun-
tain plover habitats would be used to identify active nesting areas and to establish 
buffer zones around them to prevent injury or mortality and minimize loss of oc-
cupied nesting habitats. 

Project-related activities, particularly human presence in areas that are typically 
void of human activity, may result in increased predation of mountain plovers. 
This increased potential for predation would primarily involve species that bene-
fit from human disturbance, such as corvids (crows, ravens, and magpies), rap-
tors, coyotes, badgers, weasels, and foxes. Construction of project facilities has 
the potential to provide nesting, denning, and perching sites for species that prey 
on the mountain plover. Installation of devices to prevent raptors from perching 
on project facilities would minimize the addition of perching sites. Additionally, 
project facilities would be maintained to limit denning opportunities for terres-
trial predators. The presence of roadside carrion would also be monitored in an 
effort to avoid attracting predators that may also prey on mountain plovers and to 
document potential changes in the occurrence of roadside carrion caused by im-
plementation of the alternative. 

Black-tailed Prairie Dog 
Disturbance would occur in areas that are suitable for prairie dogs. Direct injury 
or mortality may occur as a result of the proposed action. Injuries or mortalities 
may occur to prairie dogs that forage outside of the colony, which puts them at 
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risk of being struck by vehicle or construction traffic. Construction of project 
facilities could provide new perches for raptors and habitatas for mammalian 
predator. However, potential perch sites could be modified to prevent raptors 
from perching and project facilities could be maintained to minimize the avail-
ability of potential denning sites for terrestrial predators. 

Habitat disturbance, destruction, and fragmentation have been identified as im-
portant causes in the decline of prairie dog populations. Habitat loss and frag-
mentation would reduce the availability of suitable habitats and may lead to po-
tential reductions in reproductive potential in and likelihood of colony expansion. 
Shifts in vegetation types as a result of discharges of produced water would re-
duce the amount of habitat available because prairie dogs do not construct bur-
rows in wet or saturated soils. Expanded wetland and riparian areas within colo-
nies would increase fragmentation and decrease effectiveness of the habitat. 
Avoidance of physical disturbance, including habitat alteration by water handling 
facilities or discharge, to prairie dog colonies would minimize these potential 
effects. Changes to existing, unoccupied habitats may limit the potential for ex-
pansion of the prairie dog habitat, but would not affect existing colonies. 

Throughout the PRB, the potential for methane migration and seepage exists (see 
Chapter 3, Geology); however, the likelihood for methane seepage to affect prai-
rie dogs or other flora and fauna is considered low. Methane seepage can occur at 
naturally occurring near-surface coal seams and from inadequate well control 
procedures and faulty well casing or plugging. Activities related to implementa-
tion of the project are not expected to alter the current seepage potential or rates 
to levels that may be detrimental to prairie dogs or other flora and fauna.  

Sylvatic plague is a naturally occurring disease that can affect prairie dogs. The 
plague is caused by a bacterium that is transmitted by fleas. Prairie dogs are par-
ticularly susceptible to the disease with a mortality rate of nearly 100 percent. 
Surviving individuals do not acquire unique immunities or antibodies, but have 
simply avoided direct exposure to other diseased animals or vectors. Wild ani-
mals serve as unaffected reservoirs for the disease. The disease is contracted by 
coming in contact with infected animals or fleas. The transmission of the plague 
to previously uninfected prairie dog colonies as a result of project implementa-
tion would be unlikely. Increased human presence in areas otherwise void of hu-
man activity is not expected to be an effective vector for the plague between prai-
rie dog colonies. Direct contact between humans and prairie dogs is uncommon. 
In instances when contact may be possible, humans do not provide suitable host 
conditions for fleas and, therefore, are not considered effective vectors. It is pos-
sible that, as a result of development in otherwise undisturbed areas, wildlife oc-
currence patterns could change, which could subsequently expose previously un-
exposed populations to the disease and its vectors. Based on the widespread oc-
currence of the plague throughout much of Wyoming and the Project Area, this 
scenario is unlikely. 

Boreal Toad 
This species would not be affected by the project because it is not known to oc-
cur in the Project Area. Historically occupied habitats are located south of, and at 
a much higher elevation than, the Project Area. Indirect effects to this non-
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migratory species are not expected. Hydrological alterations to suitable habitats 
for the boreal toad would not occur because of the lack of hydrologic connec-
tivity between the Project Area and these habitats. 

FS, BLM, and WGFD Sensitive Species 
Many of the BLM, FS, and WGFD Sensitive species that occur in the Project 
Area may be affected by the proposed project. The extent of effects to any spe-
cific species depends on its life history, habitat preferences, adaptability to dis-
turbance, and population levels in the portion of the Project Area that would be 
affected. Because populations of many sensitive species in the Project Area are 
unknown and because the relationship between occupied areas and proposed pro-
ject activities is unknown, only the general types and levels of impacts can be 
identified. Table 4–57 lists the potential impacts of the proposed project and es-
timates the effect for each species. Mitigation measures for threatened and en-
dangered species may benefit sensitive species where their habitats overlap. Al-
though potential impacts to sensitive species and their habitats would be avoided, 
where practical, impacts are likely to occur because of the lack of specific mitiga-
tion measures for these species. 

One sensitive species, the greater sage grouse, was identified during project scop-
ing as of particular concern in the Project Area. For this reason, the potential im-
pacts of the proposed project are discussed in more detail for this species than for 
other sensitive species.  

Greater Sage Grouse 
Activities associated with the proposed project would affect sage grouse in sev-
eral ways. These effects may include: (1) increased direct mortality (including 
legal hunting, poaching, and collision with power lines and vehicles); (2) the in-
troduction of new perches for raptors and thus a potential change in rate of preda-
tion; (3) direct loss or degradation of habitats; (4) indirect disturbance resulting 
from human activity (including harassment, displacement, and noise); (5) habitat 
fragmentation (particularly through construction of roads); and (6) changes in 
population. Each of these effects is discussed below. 

Alternative 1 
Direct Mortality 
Sage grouse are legally hunted in the Project Area and poaching likely occurs as 
well. Regulated hunting of sage grouse, particularly in late September as in the 
Project Area, probably does not have substantial effects on the size of the popula-
tion (Connelly et al. 2000, Lyon 2000). Closing hunting seasons has not been 
documented to result in increased populations (WGFD 2002). The new roads that 
would be constructed would provide increased access to both public and private 
lands in the Project Area. Increased access to public lands would result in greater 
use of these areas by hunters and legal hunting pressure and poaching may in-
crease. Private landowners would continue to control access to, and hunting on, 
split estate and private lands. Nevertheless, some increased level of poaching 
may occur because of the sparsely populated nature of the Project Area. This im-
pact is expected to have a minimal effect on sage grouse because of the high pro-
portion of private lands where new public access would not be created. 
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Table 4–57 Wyoming BLM, FS, and WGFD Sensitive Species Effects Evaluation 

   Population Determination 

Species Name 
Listing 
Agency Potential Effects Alt. 1 Alt. 2A Alt. 2B Alt. 3 

Plants 
Laramie columbine BLM Not known to occur in Project Area. No effect No effect No effect No effect 
Porter’s sagebrush BLM No activities would occur in occupied portion of Project Area. No effect No effect No effect No effect 
Nelson’s milkvetch BLM Individual plants may be disturbed or destroyed during development and production. 

Entire populations are unlikely to be destroyed. 
May affectA May affectA May affectA May affectA

Many-stemmed 
spider flower 

BLM Not known to occur in Project Area. No effect No effect No effect No effect 

William’s water 
parsnip 

BLM No activities would occur in occupied portion of Project Area. No effect No effect No effect No effect 

Laramie false 
sagebrush 

BLM Not known to occur in Project Area. No effect No effect No effect No effect 

Amphibians 
Tiger salamander FS Individual injury or mortality may occur as the result of the project, including water 

disposal. Breeding habitats may be disturbed, destroyed, augmented, or created as the 
result of disposal of water. 

May affectA May affectA May affectA May affectA

Spotted frog BLM Individual injury or mortality may occur as the result of the project, including disposal 
of water. Breeding habitats may be disturbed, destroyed, augmented, or created as the 
result of disposal of water. 

No effect No effect No effect No effect 

Northern leopard 
frog 

FS, BLM Individual injury or mortality may occur as the result of the project, including disposal 
of water. Breeding habitats may be disturbed, destroyed, augmented, or created as the 
result of disposal of water. 

May affectA May affectA May affectA May affectA

Reptiles 
Milk snake FS Direct injury or mortality may occur to individuals during the project. Injury or mortal-

ity may occur as the result of disposal of water. Suitable habitats may be disturbed, de-
stroyed, or fragmented during construction and production phases of the project.  

May affectA May affectA May affectA May affectA

Black Hills red-
belly snake 

FS Not known to occur in Project Area. No effect No effect No effect No effect 
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Table 4–57 Wyoming BLM, FS, and WGFD Sensitive Species Effects Evaluation 

   Population Determination 

Species Name 
Listing 
Agency Potential Effects Alt. 1 Alt. 2A Alt. 2B Alt. 3 

Fish 
Shovelnose 
sturgeon 

WGFD No direct injury or mortality would be expected. Indirect injury or mortality, including 
effects to health or reproductive status, may occur resulting from disposal of water. Oc-
cupied habitats may be disturbed or destroyed by changes in water quality and quantity 
as the result of disposal of water. Disposal of water may augment or create new suitable 
habitats. 

May affectA May affectA May affectA May affectA

Lake chub WGFD No direct injury or mortality would be expected. Indirect injury or mortality, including 
effects to health or reproductive status, may occur resulting from water disposal. Occu-
pied habitats may be disturbed or destroyed by changes in water quality and quantity as 
the result of disposal of water. Disposal of water may augment or create new suitable 
habitats. 

May affectA May affectA May affectA May affectA

Plains minnow WGFD No direct injury or mortality would be expected. Indirect injury or mortality, including 
effects to health or reproductive status, may occur resulting from disposal of water. Oc-
cupied habitats may be disturbed or destroyed by changes in water quality and quantity 
as the result of disposal of water. Disposal of water may augment or create new suitable 
habitats. 

May affectA May affectA May affectA May affectA

Sturgeon chub WGFD No direct injury or mortality would be expected. Indirect injury or mortality, including 
effects to health or reproductive status, may occur resulting from disposal of water. Oc-
cupied habitats may be disturbed or destroyed by changes in water quality and quantity 
as the result of disposal of water. Disposal of water may augment or create new suitable 
habitats. 

May affectA May affectA May affectA May affectA

Flathead chub FS, WGFD No direct injury or mortality would be expected. Indirect injury or mortality, including 
effects to health or reproductive status, may occur resulting from disposal of water. Oc-
cupied habitats may be disturbed or destroyed by changes in water quality and quantity 
as the result of disposal of water. Disposal of water may augment or create new suitable 
habitats. 

May affectA May affectA May affectA May affectA

Mountain sucker WGFD No direct injury or mortality would be expected. Indirect injury or mortality, including 
effects to health or reproductive status, may occur resulting from disposal of water. Oc-
cupied habitats may be disturbed or destroyed by changes in water quality and quantity 
as the result of disposal of water. Disposal of water may augment or create new suitable
habitats. 

May affectA May affectA May affectA May affectA
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Table 4–57 Wyoming BLM, FS, and WGFD Sensitive Species Effects Evaluation 

   Population Determination 

Species Name 
Listing 
Agency Potential Effects Alt. 1 Alt. 2A Alt. 2B Alt. 3 

Black bullhead WGFD No direct injury or mortality would be expected. Indirect injury or mortality, including 
effects to health or reproductive status, may occur resulting from disposal of water. Oc-
cupied habitats may be disturbed or destroyed by changes in water quality and quantity 
as the result of disposal of water. Disposal of water may augment or create new suitable 
habitats. 

May affectA May affectA May affectA May affectA

Yellowstone cut-
throat trout 

BLM, 
WGFD 

No activities would occur in or upstream of occupied habitats within the Project Area. No effect No effect No effect No effect 

Plains topminnow FS, WGFD Not known to occur in Project Area. Changes in water quality and quantity as the result 
of disposal of water may affect populations downstream of the Project Area. 

May affectA May affectA May affectA May affectA

Sauger WGFD No direct injury or mortality would be expected. Indirect injury or mortality, including 
effects to health or reproductive status, may occur resulting from disposal of water. Oc-
cupied habitats may be disturbed or destroyed by changes in water quality and quantity 
as the result of disposal of water. Disposal of water may augment or create new suitable 
habitats. 

May affectA May affectA May affectA May affectA

Birds 
Common loon FS, WGFD No direct injury or mortality to adults would be expected from project activities. Injury 

or mortality to eggs or young may occur as a result of hydrologic changes during the 
nesting season. Individuals may be harassed or displaced during implementation of the 
project. Suitable aquatic nesting habitats would not be directly disturbed or destroyed 
during facility construction. Suitable aquatic nesting and foraging habitats may be dis-
turbed, destroyed, augmented, or created as a result of changes in the hydrologic regime.

May affectA May affectA May affectA May affectA

American white 
pelican 

WGFD No direct injury or mortality to adults would be expected from the project. Injury or 
mortality to eggs or young may occur as a result of hydrologic changes during the nest-
ing season. Individuals may be disturbed during implementation of the project. Suitable 
aquatic nesting habitats would not be directly disturbed or destroyed during facility 
construction. Suitable aquatic nesting and foraging habitats may be disturbed, destroyed, 
augmented, or created as a result of changes in the hydrologic regime. 

May affectA May affectA May affectA May affectA

American bittern FS, WGFD No direct injury or mortality to adults would be expected from the project. Injury or 
mortality to eggs or young may occur as a result of hydrologic changes during the nest-
ing season. Individuals may be harassed or displaced during implementation of the pro-
ject. Suitable aquatic nesting habitats would not be directly disturbed or destroyed dur-
ing facility construction. Suitable aquatic nesting and foraging habitats may be dis-
turbed, destroyed, augmented, or created as a result of changes in the hydrologic regime. 

May affectA May affectA May affectA May affectA
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Table 4–57 Wyoming BLM, FS, and WGFD Sensitive Species Effects Evaluation 

   Population Determination 

Species Name 
Listing 
Agency Potential Effects Alt. 1 Alt. 2A Alt. 2B Alt. 3 

Black-crowned 
night heron 

WGFD No direct injury or mortality to adults would be expected from the project. Individuals 
may be harassed or displaced during implementation of the project. Nesting habitats 
would not be directly disturbed or destroyed by facility construction. Suitable aquatic 
nesting and foraging habitats may be disturbed, destroyed, augmented, or created as a 
result of changes in the hydrologic regime. 

May affectA May affectA May affectA May affectA

White-faced ibis FS, BLM, 
WGFD 

No direct injury or mortality would be expected. Construction would not directly disturb 
aquatic habitats used during migration. Habitats used during migration may be dis-
turbed, destroyed, augmented, or created as a result of changes to the hydrologic regime. 

May affectA May affectA May affectA May affectA

Trumpeter swan BLM, 
WGFD 

No direct injury or mortality to adults of this species would be expected. Injury or mor-
tality to eggs or young may occur as a result of hydrologic changes during the nesting 
season. Individuals may be harassed or displaced by the project. Construction would not 
directly disturb aquatic habitats. Habitats used for nesting or migration may be dis-
turbed, destroyed, augmented, or created as a result of changes to the hydrologic regime. 

May affectA May affectA May affectA May affectA

Osprey FS No direct injury or mortality would be expected as the result of the project. Collisions 
with aboveground utility lines, electrocution from contacting power lines, and vehicle 
collisions may result in injury or mortality. Harassment of nesting individuals would be 
minimized during the construction phase. Harassment or displacement of nesting indi-
viduals may occur during the production and abandonment phases of the project. Nest-
ing habitats would not be physically disturbed or destroyed. Disposal of water and sub-
sequent changes in water quality and quantity may disturb, destroy, augment, or create 
suitable foraging habitats.  

May affectA May affectA May affectA May affectA

Northern goshawk BLM No direct injury or mortality would be expected as a result of project activities. Colli-
sions with aboveground utility lines, electrocution from contacting power lines, and 
vehicle collisions may result in injury or mortality. Harassment of nesting individuals 
caused by construction would be minimized. Harassment or displacement of nesting 
individuals may occur during the production and abandonment phases of the project. 
Nesting habitats would not be physically disturbed or destroyed. Direct disturbance 
would occur to habitats used by prey species. Disposal of water and resulting changes in 
water quality and quantity may disturb, destroy, augment, or create suitable foraging 
habitats. 

May affectA May affectA May affectA May affectA
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Table 4–57 Wyoming BLM, FS, and WGFD Sensitive Species Effects Evaluation 

   Population Determination 

Species Name 
Listing 
Agency Potential Effects Alt. 1 Alt. 2A Alt. 2B Alt. 3 

Ferruginous hawk FS, BLM, 
WGFD 

No direct injury or mortality would be expected as a result of project activities. Colli-
sions with aboveground utility lines, electrocution from contacting power lines, and 
vehicle collisions may result in injury or mortality. Harassment of nesting individuals 
would be minimized during the construction phase. Harassment or displacement of nest-
ing individuals may occur during the production and abandonment phases of the project. 
The project may disturb or displace foraging individuals. Unoccupied nesting habitats 
may be physically disturbed or destroyed. Direct disturbance would occur to habitats 
used by prey species. Disposal of water and resulting changes in water quality and quan-
tity may disturb, destroy, augment, or create suitable foraging habitats. 

May affectB May affectB May affectB May affectB

Merlin FS, WGFD No direct injury or mortality would be expected as a result of project activities. Colli-
sions with aboveground utility lines, electrocution from contacting power lines, and 
vehicle collisions may result in injury or mortality. Harassment of nesting individuals 
would be minimized during the construction phase. Harassment or displacement of nest-
ing individuals may occur during the production and abandonment phases of the project. 
The project may disturb or displace foraging individuals. Unoccupied nesting habitats 
may be physically disturbed or destroyed. Direct disturbance would occur to habitats 
used by prey species. Disposal of water and resulting changes in water quality and quan-
tity may disturb, destroy, augment, or create suitable foraging habitats. 

May affectA May affectA May affectA May affectA

Peregrine falcon BLM, 
WGFD 

Not known to nest within the Project Area. The project would not cause direct injury or 
mortality to migrating individuals. Disposal of water may disturb, destroy, augment, or 
create suitable foraging habitats. 

May affectA May affectA May affectA May affectA

Greater sandhill 
crane 

BLM No direct injury or mortality would be expected. No direct disturbance resulting from 
the project would occur to foraging habitats. Suitable foraging habitats may be dis-
turbed, destroyed, augmented, or created as a result of methods of disposal for surface 
water.  

May affectA May affectA May affectA May affectA

Long-billed curlew FS, BLM, 
WGFD 

No direct injury or mortality to adults would be expected as a result of project activities. 
Nests may be disturbed or destroyed causing injury or mortality to eggs or young. Nest-
ing or foraging individuals may be harassed or displaced by the project. Suitable nesting 
and foraging habitats may be disturbed, destroyed, or fragmented as a result of construc-
tion and disposal of water.  

May affectB May affectB May affectB May affectB

Upland sandpiper FS No direct injury or mortality to adults would be expected as a result of project activities. 
Nests may be disturbed or destroyed, causing injury or mortality to eggs or young. Nest-
ing or foraging individuals may be harassed or displaced by the project. Suitable nesting 
and foraging habitats may be disturbed, destroyed, or fragmented as a result of construc-
tion and water disposal.  

May affectB May affectB May affectB May affectB
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Table 4–57 Wyoming BLM, FS, and WGFD Sensitive Species Effects Evaluation 

   Population Determination 

Species Name 
Listing 
Agency Potential Effects Alt. 1 Alt. 2A Alt. 2B Alt. 3 

Black tern FS, WGFD No direct injury or mortality to adults would be expected. Methods for disposal of water 
implemented during the nesting season may result in changes to habitat that cause injury 
or mortality to eggs and young. Nesting or foraging individuals may be harassed or dis-
placed by the project. Suitable nesting and foraging habitats would be disturbed, de-
stroyed, augment, or created.  

May affectA May affectA May affectA May affectA

Western yellow-
billed cuckoo 

FS, BLM, 
WGFD 

No direct injury or mortality would be expected. Nesting and foraging individuals may 
be harassed or displaced by the project. Suitable nesting and foraging habitats may be 
affected as a result of changes to the hydrologic regime caused by water disposal.  

May affectA May affectA May affectA May affectA

Flammulated owl FS No activities would occur in occupied habitats within the Project Area. No effect No effect No effect No effect 
Western burrowing 
owl 

FS, BLM No direct injury or mortality would be expected. Physical disturbance to nesting indi-
viduals would be minimized during the construction phase. Nesting and foraging indi-
viduals may be harassed or displaced by the project. Suitable and occupied nesting habi-
tats would be disturbed, destroyed, or fragmented outside of the nesting season.  

May affectB May affectB May affectB May affectB

Lewis’ 
woodpecker 

FS, WGFD No direct injury or mortality to adults would be expected. Injury or mortality may occur 
to eggs or young as a result of construction or water disposal. Nesting and foraging in-
dividuals may be harassed or displaced by the project. Disturbance, destruction, or 
fragmentation of nesting and foraging habitats would occur as a result of construction 
and disposal of water.  

May affectA May affectA May affectA May affectA

Olive-sided 
flycatcher 

FS Not expected to occur within the Project Area.  No effect No effect No effect No effect 

Loggerhead shrike FS, BLM No direct injury or mortality to adults would be expected. Injury or mortality may occur 
to eggs or young as a result of construction or disposal of water. Nesting and foraging 
individuals may be harassed or displaced by the project. Disturbance, destruction, or 
fragmentation of nesting and foraging habitats would occur as a result of construction 
and disposal of water. 

May affectA May affectA May affectA May affectA

Purple martin FS Not expected to occur within the Project Area.  No effect No effect No effect No effect 
Pygmy nuthatch FS No activities would occur in occupied habitats within the Project Area. No effect No effect No effect No effect 
Sage thrasher BLM No direct injury or mortality to adults would be expected. Injury or mortality may occur 

to eggs or young as a result of construction or disposal of water. Nesting and foraging 
individuals may be harassed or displaced by the project. Disturbance, destruction, or 
fragmentation of nesting and foraging habitats would occur as a result of construction 
and water disposal. 

May affectA May affectA May affectA May affectA
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Table 4–57 Wyoming BLM, FS, and WGFD Sensitive Species Effects Evaluation 

   Population Determination 

Species Name 
Listing 
Agency Potential Effects Alt. 1 Alt. 2A Alt. 2B Alt. 3 

Brewer’s sparrow BLM No direct injury or mortality to adults would be expected. Injury or mortality may occur 
to eggs or young as a result of construction or water disposal. Nesting and foraging in-
dividuals may be harassed or displaced by the project. Disturbance, destruction, or 
fragmentation of nesting and foraging habitats would occur as a result of construction 
and water disposal. 

May affectA May affectA May affectA May affectA

Sage sparrow BLM No direct injury or mortality to adults would be expected. Injury or mortality may occur 
to eggs or young as a result of construction or disposal of water. Nesting and foraging 
individuals may be harassed or displaced by the project. Disturbance, destruction, or 
fragmentation of nesting and foraging habitats would occur as a result of construction 
and disposal of water. 

May affectA May affectA May affectA May affectA

Baird’s sparrow FS, BLM No direct injury or mortality to adults would be expected. Injury or mortality may occur 
to eggs or young as a result of construction or disposal of water. Nesting and foraging 
individuals may be harassed or displaced by the project. Disturbance, destruction, or 
fragmentation of nesting and foraging habitats would occur as a result of construction 
and disposal of water. 

May affectA May affectA May affectA May affectA

Fox sparrow FS No activities would occur in occupied habitats within the Project Area. No effect No effect No effect No effect 

Mammals 
Little brown 
myotis 

WGFD No direct injury or mortality would be expected. Foraging individuals may be harassed 
or displaced by the project. Foraging habitats may be disturbed, destroyed, or frag-
mented by the project. Methods for disposal of water may augment or create foraging 
habitats.  

May affectA May affectA May affectA May affectA

Long-eared myotis BLM, 
WGFD 

No direct injury or mortality would be expected. Foraging individuals may be harassed 
or displaced by the project. Foraging habitats may be disturbed, destroyed, or frag-
mented by the project. Methods for disposal of water may augment or create foraging 
habitats. 

May affectA May affectA May affectA May affectA

Fringed-tailed 
myotis 

FS No direct injury or mortality would be expected. Foraging individuals may be harassed 
or displaced by the project. Foraging habitats may be disturbed, destroyed, or frag-
mented by the project. Methods for disposal of water may augment or create foraging 
habitats. 

May affectA May affectA May affectA May affectA

Long-legged 
myotis 

WGFD No direct injury or mortality would be expected. Foraging individuals may be harassed 
or displaced by the project. Foraging habitats may be disturbed, destroyed, or frag-
mented by the project. Methods for disposal of water may augment or create foraging 
habitats. 

May affectA May affectA May affectA May affectA
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Table 4–57 Wyoming BLM, FS, and WGFD Sensitive Species Effects Evaluation 

   Population Determination 

Species Name 
Listing 
Agency Potential Effects Alt. 1 Alt. 2A Alt. 2B Alt. 3 

Western small-
footed myotis 

WGFD No direct injury or mortality would be expected. Foraging individuals may be harassed 
or displaced by the project. Foraging habitats may be disturbed, destroyed, or frag-
mented by the project. Methods for disposal of water may augment or create foraging 
habitats. 

May affectA May affectA May affectA May affectA

Big brown bat WGFD No direct injury or mortality would be expected. Foraging individuals may be harassed 
or displaced by the project. Foraging habitats may be disturbed, destroyed, or frag-
mented by the project. Methods for disposal of water may augment or create foraging 
habitats. 

May affectA May affectA May affectA May affectA

Spotted bat BLM Not expected to occur within the Project Area.  No effect No effect No effect No effect 
Townsend’s big 
eared bat 

FS, BLM, 
WGFD 

No direct injury or mortality would be expected. Foraging individuals may be harassed 
or displaced by the project. Foraging habitats may be disturbed, destroyed, or frag-
mented by the project. Methods for disposal of water may augment or create foraging 
habitats. 

May affectA May affectA May affectA May affectA

Swift fox FS, BLM, 
WGFD 

Direct injury or mortality may occur to individuals. Individuals may be harassed or dis-
placed by the project. Suitable hunting and denning habitats would be disturbed, de-
stroyed, or fragmented.  

May affectA May affectA May affectA May affectA

White-tailed 
prairie dog 

BLM Not known to occur within the Project Area. No effect No effect No effect No effect 

Notes: 
A   May adversely affect individuals, but not likely to result in a loss of viability on federal lands or range wide or result in a trend toward federal listing. 
B   May adversely affect individuals, may result in a loss of viability on federal lands or range wide, or result in a trend toward federal listing. 
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Vehicle Collision 
Few studies have specifically examined effects of collision on upland game; 
however, this impact probably would be limited because grouse tend to flush 
only when closely approached and then fly close to the ground and at a relatively 
high speed. The literature on avian mortality caused by collision with vehicles is 
reviewed by Erickson et al. (2001). The new roads could result in a potential in-
crease in vehicle collisions with sage grouse. However, the effect of a limited 
increase in the potential for vehicle collisions on the population of sage grouse 
would be minimal and limted to areas of concentrated development that are oc-
cupied by this species. 

Power Line Collision 
Relatively few comprehensive studies have been conducted, and nationwide an-
nual estimates of avian mortality caused by collision with power lines vary 
greatly. The literature on avian mortality caused by collision with power lines is 
reviewed by Erickson et al. (2001). Although construction of new power lines 
may increase the potential for collision, measurable mortality due to sage grouse 
colliding with conductors is not expected because the birds fly close to the 
ground below the typical height of power lines. 

Fences 
Fences, which are common throughout the Project Area, are hazardous to sage 
grouse because they can result in mortality caused by collision (Connelly et al. 
2000). New barbed wire fences would be constructed, primarily to keep wildlife 
and livestock out of construction, production, and water handling areas. These 
fences would enclose a relatively small area. New fences would be constructed to 
meet BLM guidelines designed to reduce the potential for wildlife entanglement. 
New fences that cross large areas would not be constructed. Construction of 
fences would have minimal effects on sage grouse because of the relatively short 
lengths that would be built. 

Predation by Raptors 
New power lines could affect sage grouse, especially near lek complexes, if they 
provide new perches for raptors, which could result in increased predation (Oe-
dekoven 2001). Sage grouse tend to avoid areas associated with power lines, re-
sulting in the indirect loss of habitats near these structures (WGFD 2002). Lek 
sites with power lines located less than 0.25 mile away have shown reduced at-
tendance compared with sites where power lines are not as close (Braun et al. in 
press). Avoidance of otherwise suitable habitats within 0.5 mile of power lines by 
sage grouse also has been documented (San Miguel Basin Sage Grouse Working 
Group 1998). Locating power lines away from leks and raptor-proofing the poles 
for aboveground power lines constructed within 0.5 mile of leks would reduce 
the potential for increased predation on sage grouse at leks. Still, grouse that use 
other seasonal habitats away from lek sites may experience increased raptor pre-
dation and may reduce their use of otherwise suitable habitats near power lines. 
Although some additional predation by raptors may occur, this predation is not 
expected to substantially affect the population of sage grouse in the PRB, espe-
cially if the poles for aboveground power lines and are raptor-proofed and lo-
cated away from leks. 
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Loss or Degradation of Habitats 
The project would result in the direct disturbance of sage grouse habitats. Direct 
habitat loss and degradation have been implicated in the decline in lek attendance 
and abandonment for sites where oil and gas development has occurred within 
0.25 mile (Braun et al. in press). Table 4–58 shows the predicted proportion of 
known leks where project-related facilities would be located within 0.25 mile. 
Data on lek locations would be reviewed before surface disturbance begins to 
avoid direct disturbance to leks. Surveys would be conducted within suitable 
grouse habitats to locate leks that may be disturbed. No surface occupancy would 
be allowed within 0.25 mile of a lek to avoid direct disturbance. This stipulateon 
is attached to oil and gas leases and is nondiscretionary. Therefore, it applies to 
federal oil and gas leases, regardless of surface ownership. Disturbance would 
occur to all other habitat types, including nesting, brood rearing, and wintering 
areas that are located more than 0.25 mile from lek sites.  

Table 4–58 Proposed and Cumulative Impacts to Sage Grouse Protective 
Buffers by Sub-watershed — Alternatives 1, 2A, and 2B 

Proportion of leks with oil and gas development within the specified buffer 

Proposed Cumulative 

Sub-watershed 0.25-mile buffer 
(percent) 

2.0-mile buffer 
(percent) 

0.25-mile buffer 
(percent) 

2.0-mile buffer 
(percent) 

Little Bighorn River 0.0 0.0 0.0 0.0 

Upper Tongue River 0.0 42.9 7.1 50.0 

Middle Fork Powder River 0.0 53.8 0.0 53.8 

North Fork Powder River 0.0 0.0 0.0 0.0 

Upper Powder River 22.7 97.7 34.1 97.7 

South Fork Powder River 0.0 20.0 0.0 20.0 

Salt Creek 0.0 80.0 20.0 100.0 

Crazy Woman Creek 5.3 89.5 5.3 89.5 

Clear Creek 27.3 100.0 27.3 100.0 

Middle Powder River 50.0 100.0 100.0 100.0 

Little Powder River 35.7 100.0 53.6 100.0 

Little Missouri River 0.0 0.0 0.0 0.0 

Antelope Creek 9.1 90.9 18.2 100.0 

Dry Fork Cheyenne River 10.0 75.0 15.0 95.0 

Upper Cheyenne River 0.0 62.5 12.5 100.0 

Lightning Creek 0.0 66.7 16.7 83.3 

Upper Belle Fourche River 20.0 86.7 46.7 97.8 

Middle North Platte River 0.0 61.5 7.7 76.9 

Project Area 14.9 80.7 26.9 88.0 

 

Most nests are close to leks (Braun et al. 1977) and hens show strong site fidelity, 
which may be in response to the presence of important vegetative nesting habitat 
characteristics such as sagebrush, forb and grass cover, and height of sagebrush 
(Lyon 2000). Hens from disturbed leks adapt in part by selecting higher canopy 
cover and shrub height in sagebrush (Lyon 2000), a resource that would be in-
creasingly limited in the Project Area. The proposed development could disturb 
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suitable and potentially suitable habitats for sage grouse. Short-term disturbance 
to sagebrush shrublands would encompass 53,626 acres within the Project Area. 
This disturbance accounts for 2 percent of the available sagebrush vegetation 
type within the Project Area (2,234,103 acres). Disturbances to riparian areas and 
wet meadows that provide an important component of brood-rearing habitats 
would be minimal because of the mitigation measures designed to limit distur-
bance in riparian areas. 

Loss of habitat associated with construction would have negative effects on sage 
grouse if the habitats are occupied by the grouse, particularly during the breeding 
season. Return to pre-disturbance levels of population during the production 
phase is not expected if habitats occupied by the grouse are disturbed. Natural 
recruitment of sagebrush may occur over time. Sage grouse habitats would not be 
restored to pre-disturbance conditions for an extended period because of the time 
needed to develop sagebrush stands with characteristics that are preferred by sage 
grouse. 

Water Handling 
Disposal of produced water may benefit sage grouse (Oedekoven 2001). Hens 
with broods, barren hens, and roosters preferentially use wet meadows and ripar-
ian areas during the summer and show strong site fidelity (Lyon 2000). Produced 
water from surface discharge may expand existing wetland and riparian areas and 
create new wetland and riparian habitats. These expanded and new habitats 
would provide additional brood rearing and summering habitats for sage grouse. 
Water impoundments and increased water flows would also provide additional 
sources of drinking water for sage grouse. 

Water-handling methods could also have negative effects on sage grouse. The 
construction of water handling facilities, such as containment impoundments, 
could result in the loss of sagebrush shrublands that are used as nesting and other 
seasonal habitats by this species, despite a mitigation measure that requires 
avoidance of sagebrush shrublands where possible. A total of 27,009 acres would 
be disturbed by construction of the various water handling facilities. The higher 
water table associated with surface discharge would kill sagebrush, which is not 
tolerant of saturated root zones. Additional losses of sagebrush may occur from 
the LAD method for disposing of production water for the same reason. A sum-
mary of losses by habitat type, including contributions from water handling 
methods, is presented in the section on Vegetation of this chapter. 

Harassment, Displacement, and Noise 
Human disturbance, including construction, road use, and noise from project fa-
cilities, may result in adverse effects to sage grouse, particularly during the 
breeding season (Braun et al. in press). Disturbance during the breeding period 
may result in reduced breeding activity (Lyon 2000). Nest initiation rates have 
been shown to be lower for hens from disturbed leks compared with undisturbed 
leks, although nest success was similar (Lyon 2000). 

Sage grouse nest farther from disturbed leks (2.6 miles) than from undisturbed 
leks (1.3 miles) (Lyon 2000). Table 4-64 shows the predicted proportion of 
known lek sites where project-related facilities would be located within 2 miles. 
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Mitigation measures would prevent new surface disturbance within 2 miles of 
leks on federal leases during the breeding period, reducing disturbance to sites 
and nests. Nests located farther than 2 miles from leks may be disturbed during 
the project.  

Regular traffic along roads, as would be experienced during the production 
phase, can affect lek activity and reduce survival (Braun et al. in press). Activity 
along roads may cause nearby leks to become inactive over time (WGFD 2002). 
Sage grouse do not appear to avoid roads, but shift their habitat use when nesting 
near roads to patches of sagebrush with higher canopy cover and height (Lyon 
2000). Sagebrush stands that meet these requirements may be limited, especially 
in areas of concentrated development, resulting in decreased nesting success. The 
limitation on new disturbance within 2 miles of leks during the breeding season 
would not apply to production or to new disturbance on private lands. Production 
in nesting habitats may result in substantial adverse impacts to breeding sage 
grouse. 

Noise can affect sage grouse by preventing vocalizations that influence reproduc-
tive and other behaviors (WGFD 2002). Sage grouse attendance on leks within 
1 mile of compressors is lower than for sites farther from compressor locations 
(Braun et al. in press). A lease stipulation addresses the effects of noise from 
compressors on leks, prohibiting new compressors within 0.5 mile of leks and 
limiting the increase in noise to levels less than 49 dBA. This stipulation is at-
tached to oil and gas leases and is nondiscretionary. Therefore, it applies to fed-
eral oil and gas leases, regardless of surface ownership. 

Each of these indirect effects has the potential to cause impacts to individual sage 
grouse and entire populations. The mitigation measures that have been developed 
would reduce these impacts to some extent; however, the potential remains for 
impacts and decreasing sage grouse populations to occur as a result of the pro-
posed project. 

Habitat Fragmentation 
Sage grouse habitat can be fragmented by roads, power lines, fences, and reser-
voirs (Connelly et al. 2000). Habitat fragmentation associated with oil and gas 
development may affect sage grouse use of leks, nesting habitats, and early 
brood-rearing habitats (Lyon 2000). Sage grouse continue to use sites fragmented 
by linear facilities, provided that sufficient sagebrush habitats remain available 
and that some areas are visually and audibly isolated from physical structures 
(fences, aboveground power lines) and actively used roads (Braun et al. in press). 

Sage grouse have been documented to move in excess of 45 miles between sea-
sonal ranges in migratory populations (Connelly et al. 1988). During these migra-
tions, they can cross highways, roads, agricultural fields, and other areas of non-
native habitats. The level of fragmentation that would occur under the proposed 
project would not substantially fragment habitats used by sage grouse and is not 
expected to affect patterns of seasonal movements on a landscape scale. 

One potential effect of the large extent of new roads that would fragment sage 
grouse habitats would be an increase in the number of fires caused by humans. 
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Fire results in decreased sagebrush cover and subsequent declines in sage grouse 
populations in burned areas (Connelly et al. 2000).  

Increased predation associated with poor-quality or fragmented habitats can re-
sult in reduced reproductive success, although declines in population are not of-
ten associated with high levels of predation (Connelly et al. 2000). Habitats with 
low grass and shrub cover do not provide the concealment needed to avoid nest 
predation (Gregg et al. 1994, DeLong et al. 1995). Construction of roads, power 
lines, pipelines, and other facilities would result in decreased cover and may re-
sult in increased nest predation. 

Early brood rearing appears to be the most limiting life stage for sage grouse 
(Lyon 2000). Use of early brood rearing habitat is concentrated in areas with high 
forb cover, which correlates with high insect availability, an important food for 
young chicks (Lyon 2000). Invasion by noxious weeds (see the section on Vege-
tation) would result in decreased forb productivity, which may affect the quality 
of early brood rearing habitat. Chick survival during this critical period could be 
reduced in areas of extensive weed invasion because of decreased food resources 
and increased predation associated with the need for chicks to travel farther to 
find adequate food. 

Population Effects 
Vehicle and power line collisions, increased raptor predation, habitat loss, dis-
placement, noise, and habitat fragmentation all have the potential for substantial 
negative effects on sage grouse populations, despite any potential benefits that 
would be derived from increased availability of water (Oedekoven 2001). Im-
plementation of several mitigation measures would reduce the extent of each im-
pact addressed by those measures. Despite these measures, the synergistic effect 
of several impacts would likely result in a downward trend for the sage grouse 
population, and may contribute to the array of cumulative effectgs that may lead 
to its federal listing. Local populations may be extirpated in areas of concentrated 
development, but viability across the Project Area or the entire range of the spe-
cies is not likely to be compromised. 

Alternative 2A 
Under Alternative 2A, the magnitude and types of effects would be similar to 
those presented for Alternative 1, with the exception of the effects associated 
with proposed facilities for water handling. Alternatives 2A and 1 differ only in 
the proportion of the various water handling methods and their associated distur-
bances. The types of effects associated with water handling methods are dis-
cussed under Alternative 1. Approximately 36,263 acres would be disturbed by 
water handling facilities under this alternative (Table 2–23), an increase of 
34 percent over the disturbance from water handling associated with Alternative 
1; therefore, a similar increase in effects from water handling is expected. This 
change may result in increased beneficial effects; however, the extent of negative 
impacts associated with other aspects of the project as discussed under Alterna-
tive 1 would continue to represent an overall negative effect on sage grouse 
populations. 
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Alternative 2B 
Under Alternative 2B, the magnitude and types of effects would be similar to 
those presented for Alternative 1, with the exception of the effects associated 
with proposed water handling facilities. Alternatives 2B and 1 differ only in the 
proportion of the various water handling methods and their associated distur-
bances. The types of effects associated with water handling methods are dis-
cussed under Alternative 1. Approximately 32,653 acres would be disturbed by 
water handling facilities under this alternative, an increase of 21 percent over the 
disturbance from water handling associated with Alternative 1; therefore, a simi-
lar increase in effects from water handling is expected. This change may result in 
increased beneficial effects; however, the extent of negative impacts associated 
with other project activities, as discussed under Alternative 1, would continue to 
represent an overall negative effect on the sage grouse population. 

Alternative 3 
Under Alternative 3, the types of effects to sage grouse would be similar to those 
presented for Alternative 1. The magnitude of these effects would be substan-
tially smaller, however. Alternative 3 would result in the disturbance of 35 per-
cent of the amount of habitat (Table 2–32) that would be affected under Alterna-
tives 1, 2A, and 2B, because the total number of new wells would be reduced to 
40 percent (Table 2–29). Table 4–59 shows the predicted proportion of known 
sage grouse lek sites where project-related facilities would be located within 0.25 
and 2.0 miles. The effects from water handling would be essentially the same as 
were discussed for Alternative 1; however, the magnitude of these effects would 
be smaller. Approximately 11,683 acres would be disturbed by water handling 
facilities under this alternative (Table 2–32), a decrease of 57 percent from the 
disturbance associated with Alternative 1. The reduction in impacts from the pro-
ject, including water handling facilities, would result in reduced impacts to sage 
grouse. Despite this reduction, the large scale and widespread nature of the an-
ticipated impacts, particularly in terms of vehicle and power line collisions, in-
creased raptor predation, habitat loss, displacement, noise, and habitat fragmenta-
tion, suggest that declines in the sage grouse population may occur. The degree 
of this potential decline is not known, although it would be smaller than under 
the other three alternatives. Local populations may be extirpated in areas of con-
centrated development, but viability across the Project Area or the entire range of 
the species is not likely to be compromised. 

Cumulative Effects 
Implementation of each of the alternatives would contribute to cumulative effects 
to sage grouse that occur within the Project Area. Table 4–58 and Table 4–59 
show the predicted cumulative proportion of known lek sites where oil and gas 
facilities would be located within 0.25 and 2.0 miles. The cumulative effects to 
sage grouse from current, proposed and future activities such as gas and mineral 
exploration and development, agriculture, and urban development may include 
increased mortality, especially from collisions with vehicles and power lines and 
increased raptor predation; displacement and harassment; physical degradation or 
destruction of breeding grounds (leks) and reproductive areas (nesting and brood-
rearing areas), and habitat fragmentation. Surface coal mining and sagebrush 
treatment have reduced the availability of sagebrush habitats in the Project Area 
(Oedekoven 2001). Conversion of native habitats to agriculture has decreased in 
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recent years, but has decreased availability of sage grouse habitats. This impact is 
likely reflected in the long-term downward trend in the sage grouse population in 
the Project Area (Oedekoven 2001). Livestock grazing has been implicated as 
one factor in the cumulative loss and degradation of sage grouse habitats (WGFD 
2002). Livestock grazing occurs throughout the Project Area.  

Table 4–59 Proposed and Cumulative Impacts to Sage Grouse Protective 
Buffers by Sub-watershed — Alternative 3 

Proportion of leks with oil and gas development within the specified buffer 

Proposed Cumulative 

Sub-watershed 0.25-mile buffer 
(percent) 

2.0-mile buffer 
(percent) 

0.25-mile buffer 
(percent) 

2.0-mile buffer 
(percent) 

Little Bighorn River 0.0 0.0 0.0 0.0 

Upper Tongue River 0.0 35.7 7.1 42.9 

Middle Fork Powder River 0.0 30.8 0.0 30.8 

North Fork Powder River 0.0 0.0 0.0 0.0 

Upper Powder River 18.2 97.7 29.5 97.7 

South Fork Powder River 0.0 20.0 0.0 20.0 

Salt Creek 0.0 0.0 0.0 20.0 

Crazy Woman Creek 5.3 89.5 5.3 89.5 

Clear Creek 27.3 90.9 27.3 90.9 

Middle Powder River 50.0 100.0 50.0 100.0 

Little Powder River 21.4 89.3 39.3 92.9 

Little Missouri River 0.0 0.0 0.0 0.0 

Antelope Creek 9.1 63.6 18.2 72.7 

Dry Fork Cheyenne River 0.0 35.0 0.0 90.0 

Upper Cheyenne River 0.0 62.5 0.0 87.5 

Lightning Creek 0.0 16.7 16.7 66.7 

Upper Belle Fourche River 13.3 82.2 35.6 88.9 

Middle North Platte River 0.0 30.8 7.7 61.5 

Project Area 10.4 67.9 20.1 78.7 

 

The total acreage affected by CBM development would not be disturbed simulta-
neously because it would occur over the life of the project. Some of the disturbed 
acreage would be reclaimed or would be in the process of being reclaimed when 
new disturbances are initiated. CBM development is expected to occur at a rate 
faster than abandonment and reclamation of wells. In the near future, the amount 
of disturbed habitats is likely to increase, although the anticipated life of CBM 
wells indicates that reclamation would eventually overtake development of new 
wells, resulting in a net decrease in disturbed vegetation for the long term. In ar-
eas reclaimed after CBM development, vegetation often differs substantially 
from undisturbed areas, as discussed in the section on Vegetation. Reclamation 
of sagebrush and other habitats important to sage grouse may take many years to 
complete (WGFD 2002). As a result, shifts in the composition or distribution of 
habitat would affect sage grouse within the Project Area.  
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USFWS may consider the cumulative effects of the proposed project in its re-
sponse to two petitions that seek listing of the sage grouse under the Endangered 
Species Act in portions of its range that include the Project Area. The findings on 
these petitions are not yet known (Diebert 2002). The sage grouse population in 
Wyoming, although reduced from historical levels, is still among the healthiest in 
the range of the species (Lyon 2000). The prediction of declines in population 
over a large part of the state that contains the healthiest populations of sage 
grouse may result in increased scrutiny of population across the range of this 
species and may lead, either directly or indirectly, to listing under the ESA. 

Implementation of any of the alternatives would contribute to cumulative adverse 
effects to the threatened, endangered, proposed, candidate, and sensitive species 
in the Project Area. Cumulative short- and long-term disturbances to these spe-
cies are many and stem from several sources. Included in the cumulative effects 
evaluated are the direct effects of oil and gas (CBM and non-CBM) extraction, as 
well as development of new oil and gas wells on adjacent lands. Oil and gas de-
velopment would occur on a mix of federal, state, private, and split estate lands. 
Additional oil and gas extraction (CBM and non-CBM) may occur later within 
the Project Area beyond the level of development currently considered. Activities 
other than oil and gas extraction that contribute to cumulative effects in the Pro-
ject Area include: coal mining; uranium mining; sand, gravel, and scoria mining; 
ranching; agriculture; construction of roads and railroads; and development of 
rural and urban housing. The effects of these activities on vegetation and wildlife 
resources are discussed in detail in the sections on Vegetation and Wildlife, 
above. 

Cultural Resources 
The goal of the consideration of historic properties under Section 106 of the Na-
tional Historic Preservation Act of 1966 as amended (P.L. 89–665; P.L. 95–515; 
P.L. 102–575; 80 Stat. 915; 16 USC 470), its implementing regulations, includ-
ing but not limited to 36 CFR §800, 36 CFR §61, and Executive Order 11593, 
NEPA (P.L. 91–190; 83 Stat. 852; 42 U.S.C. 1500–17.7; 42 U.S.C. 4321–61) and 
its implementing regulations including 40 CFR §1500–1508, is the preservation 
of the cultural values embodied in those historic properties. The BLM national 
cultural resource management objectives to meet the requirements of the latter 
statutory authorities and additional related authorities listed in BLM Manual M-
8100.03 are: 

A. Respond in a legally and professionally adequate manner to (1) the statutory 
authorities concerning historic preservation and cultural resource protection, 
and (2) the principles of multiple use. 

B. Recognize the potential public and scientific uses of, and the values attrib-
uted to, cultural resources on the public lands, and manage the lands and cul-
tural resources so that these uses and values are not diminished, but rather are 
maintained and enhanced. 

C. Contribute to land use planning and the multiple use management of the pub-
lic lands in ways that make optimum use of the thousands of years of land 
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use history inherent in cultural resource information, and that safeguard op-
portunities for attaining appropriate uses of cultural resources. 

D. Protect and preserve in place representative examples of the full array of cul-
tural resources on public lands for the benefit of scientific and public use by 
present and future generations. 

E. Ensure that proposed land uses, initiated or authorized by BLM, avoid inad-
vertent damage to federal and non-federal cultural resources. 

The operational objectives to achieve this goal are: 

1. Identification of historic properties within the area of potential effect of pro-
posed actions that are part of or associated with the federal undertaking; 

2. Evaluation of the cultural values of those historic properties within appropri-
ate historic contexts; and 

3. Avoidance or minimization of adverse effects to those cultural values. 

The cultural resources management objective of the BLM Buffalo Field Office, 
including stewardship considerations in addition to Section 106 and NEPA com-
pliance is to “Protect, preserve, interpret, and manage significant cultural re-
sources for their informational, educational, scientific, and recreational values” 
(BLM 2001:4). However, in cases of split estate, surface resources, such as cul-
tural sites, belong to the surface owner. The surface owner must be consulted 
about investigation, mitigation, or monitoring. 

These objectives are achieved through: 

1. Inventory; 

2. Evaluation; 

3. Native American Consultation; 

4. Management Options; and 

5. Monitoring 

Inventory is the process of gathering together information on the cultural re-
sources that are present in the area of a proposed undertaking. Levels of inven-
tory include an overview that reviews documentation of previously known re-
sources and intensive pedestrian survey that inspects the area of potential effect 
(APE) for all evidence of previously known and undocumented cultural re-
sources. Site-specific inventories are required before surface disturbing activities 
for all federal actions that involve federal surface, federal minerals, federal fund-
ing, or federal permits. Cultural resource surveys are conducted for individual 
wells, well fields, or PODs as part of the APD process. Block surveys at the well 
field or POD level are advantageous for planning, management, and development 
and eliminate the need for many follow-up or in-fill surveys. Cultural resource 
inventories must conform to current Wyoming standards and guidelines, includ-
ing the BLM Handbook H–8111–1 Cultural Resources Wyoming Handbook, 
guidance for completion of the Wyoming Cultural Properties Form, and the Buf-
falo BLM CBM Guidebook. 
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Evaluation is the process of assessing the importance of a cultural resource site. 
All cultural resource sites and many Native American traditional places are 
evaluated in accordance with the National Register Criteria (36 CFR 60.4 (a-d)) 
and within a defined historic context. The National Register Criteria assess 
whether a site is eligible for listing on the National Register of Historic Places at 
the national, state, or local level. A site that is listed on or is eligible for the Na-
tional Register of Historic Places is considered a historic property. Typically, the 
majority of cultural resource sites are evaluated as not eligible. Cultural resources 
are evaluated as completely as possible during initial documentation. If a site 
cannot be conclusively evaluated from surface evidence and limited testing, the 
additional information or specialized analysis necessary to complete the evalua-
tion are identified and a recommendation is made for the most prudent and expe-
dient procedure to complete the evaluation. Additional studies might include ar-
chival or other documentary research, evaluation of the resource by a specialist, 
analysis of specialized samples, subsurface test excavations, or other forms of 
well-defined research that are beyond the scope of surface survey. 

BLM or FS will contact tribes that may have legitimate concerns within or re-
lated to proposed undertakings and convey the major findings of cultural re-
source inventories. The tribes may raise concerns about the treatment of cultural 
resources, natural resources, or natural landscape features that have traditional 
religious or cultural value. These groups also have concerns about handling inad-
vertent discoveries of human remains. (The plan for handling human remains in 
the PRB is provided in Appendix L.) Consultation is the government-to-
government identification of concerns and discussion of their resolution. 

Management options are standard treatments of historic properties, Native 
American concerns, or inadvertent discoveries. The preferred option for the 
treatment of historic properties is avoidance and protection. In most cases, the 
historic property can be avoided and protected by minor adjustments or stipula-
tions to the proposed undertaking, especially if an adequate area has been sur-
veyed for cultural resources. If a historic property cannot feasibly be avoided, 
data recovery or other mitigation measures are proposed. The nature and level of 
mitigation depend on the nature and extent of the adverse effect to the historic 
property and must be approved by the BLM or FS, in consultation with the 
SHPO and, if applicable, the surface owner. Any data recovery plan must discuss 
the property in terms of the historic context and identify the research questions 
that would be addressed by the anticipated data classes. 

Monitoring is conducted to: (1) verify that actions have complied with con-
straints and stipulations; (2) verify that the constraints and stipulations have 
achieved the intended objectives; and (3) evaluate whither management plans and 
objectives have achieved their goals. Monitoring includes monitoring construc-
tion for compliance, monitoring for potential discovery situations, and monitor-
ing of ongoing operations. 

Inventory and Evaluation 
Cultural resource sites are defined as discrete locations of past human activity, 
which can include artifacts, structures, works of art, landscape modifications, and 
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natural features or resources important to history or cultural tradition. These sites 
can include extensive cultural landscapes (for example, farm or ranch land-
scapes), linear landscapes (for example, historic trails with associated towns, 
forts, and way stations), or railroad landscapes and traditional use areas. In this 
document, significant sites are defined as those sites that are listed on, deter-
mined eligible for, or recommended eligible for the National Register of Historic 
Places under the Criteria for Evaluation (36 CFR § 60.4), and sites that have not 
been evaluated. 

Federal regulations require cultural resource inventory, recordation, and evalua-
tion of resources in the area of potential effect as part of the approval process. 
Archaeological clearance is required by the Section 106 process prior to distur-
bance for all federal undertakings, including projects on federal surface, projects 
recovering federal minerals, and all project requiring federal funding or permits. 
All areas of proposed ground disturbing activity must be inventoried for cultural 
resources. Any discovered resources must be documented and evaluated for eli-
gibility for the NRHP. In most cases and with proper planning, effects to eligible 
properties can be minimized. Indirect effects from changes to soil stability or 
drainage patterns cannot always be anticipated. Indirect effects can be minimized 
by soil stabilization, fencing, or protective barriers to prevent inadvertent traffic 
in sensitive areas. Direct and indirect effects when eligible sites cannot be 
avoided would be subject to mitigation procedures. Adverse effects can be mini-
mized by implementation of approved data recovery plans. There are a large 
number of unevaluated sites. These sites can be avoided or additional studies can 
be implemented to evaluate them. In addition, specific procedures are established 
for the treatment of unanticipated discoveries and human remains that were not 
identified by surface investigation. 

An important element of the inventory and evaluation process is the evaluation of 
previously known and newly discovered cultural resources and an assessment of 
potential effects. The following list represents the potential sequence in the 
evaluation of a cultural resource. 

 A cultural resource is identified and documented or revisited. 

 The resource does not meet any of the National Register Criteria. If the 
resource is evaluated as not eligible, no further work is required beyond 
the documentation of the site and its evaluation. Generally, the majority 
of cultural resources are evaluated as not eligible. 

 Information available from surface survey and limited testing is inade-
quate to evaluate the resource. Additional historic documentation, spe-
cialized analysis, or subsurface testing is necessary to complete evalua-
tion. If, after this additional work, the resource is evaluated as not eligi-
ble, no further work is required. 

 The resource meets one or more of the National Register Criteria and is 
identified as a historic property. 

 Assessment of the potential effects of the proposed actions indicates that 
the historic property will not be affected or that the proposed actions can 
be modified to avoid any adverse effects. 
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 Assessment of the potential effects of the proposed actions indicates that 
portions of the historic property may be affected, but that those portions 
of the historic property do not contribute to the eligibility of the historic 
property. Constraints are identified to protect the contributing portions of 
the historic property from adverse effects. 

 If adverse effects to the historic property cannot feasibly be avoided, a 
treatment is recommended to minimize or mitigate adverse effects. 

Native American Consultation 
Effects to traditional cultural properties, localities of traditional concern, and sa-
cred sites must be considered. Federal regulations require consultation with rec-
ognized Native American tribes. These include, but are not limited to: 

National Historic Preservation Act, as amended (P.L. 89–665; P.L. 95–515; P.L. 
102–575; 80 Stat. 915; 16 U.S.C. 470–470t; 36 CFR §60; 36 CFR §65; 
36 CFR §800; 36 CFR §801; 36 CFR §61; Executive Order 11593). This 
act requires federal agencies to consult with Indian tribes regarding fed-
eral undertakings in order to identify properties with tribal religious or 
cultural significance that may be eligible for the National Register of 
Historic Places (Traditional Cultural Places), and to determine ways to 
avoid or minimize effects to those properties. 

National Environmental Policy Act (P.L. 91–190; 83 Stat. 852; 40 U.S.C. 1500–
17.7; 42 U.S.C. 4321–61; 43 CFR 1500–1508). This act requires federal 
agencies to consult with Native American tribes regarding land use 
plans. 

Federal Land Policy and Management Act (PL 94–579; 90 Stat. 2743; 43 U.S.C. 
1701). This act provides Native American tribes and groups the opportu-
nity to express their views and identify places of concern. 

American Indian Religious Freedom Act (P.L. 95–431; 92 Stat. 469; 42 USC 
1996 and 1996a; 43 CFR §7; Executive Order 13007). This act requires 
federal land managing agencies to identify, through consultation, the 
concerns of traditional Native American religious practitioners, and to 
accommodate access to and ceremonial use of sacred sites in the plan-
ning process. 

Archaeological Resources Protection Act (P.L. 96–95; 93 Stat. 721; 16 U.S.C 
470aa–470mm; P.L. 100–555; P.L. 100–588). This act requires consid-
eration of Native American concerns and requires that federal land man-
aging agencies notify appropriate tribes before approving permits for 
excavation of archaeological resources if the location may have cultural 
or religious importance to the tribes. 

Native American Graves Protection and Repatriation Act (P.L. 101–601; 104 
Stat. 3048; 25 U.S.C. 3001; 43 CFR §10). This act requires federal agen-
cies to consult with appropriate tribes before the authorization of excava-
tion or removal of Native American human remains and funerary objects 
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with the purpose of determining how the tribes would like the agency to 
treat these remains. 

Executive Order No. 13007 Indian Sacred Sites. This order requires federal 
agencies to accommodate access to and ceremonial use of Indian sacred 
sites by Indian religious practitioners, to avoid adversely affecting the 
physical integrity, and to maintain the confidentiality of sacred sites. 

In carrying out its mandated responsibilities, BLM is obligated to ensure that the 
concerns that Native Americans have about federal land use plans are adequately 
addressed. BLM must foster and maintain credible government-to-government 
relationships with Native American tribes. 

BLM has identified more than 26 tribes that may have traditional interests and 
concerns in the planning area. These include, but are not limited to, the Kiowa 
Tribe, the Apache Tribe, the Comanche Tribe, various Lakota bands and tribes, 
the Northern Arapaho Tribe, the Northern Cheyenne Tribe, the Crow Tribe, the 
Eastern Shoshone Tribe, the Turtle Mountain Chippewa, and the Three Affiliated 
Tribes (Mandan, Hidatsa, and Arikara). In the first quarter of 2001 and again in 
the first quarter of 2002, letters inviting participation in the NEPA analysis were 
sent to all of the tribes and bands that were identified regarding the PRB Oil and 
Gas EIS. Follow-up letters were again sent to all the above tribes seeking partici-
pation. In April 2002, additional letters were sent to the Chairmen of the Crow 
Tribe and the Northern Cheyenne Tribe. Responses expressing concerns were 
received from the Kiowa Tribe, the Apache Tribe, the Comanche Tribe, the Te-
ton Lakota Tribe, the Oglala Lakota Tribe, and bands of the Minneconjou, Siha 
Sapa, Oohenumpa and Itazipco Lakota. Meetings were held with Cheyenne River 
and Oglala Sioux in April 2001; May 2001 with the Kiowa, Comanche, and 
Apache; March 2002 with the Oglala, Cheyenne River and Rosebud Sioux; and 
in April 2002 additional letters to Chairman of Crow and Northern Cheyenne 
were sent. Concerns were raised about sacred sites, protocols related to unearth-
ing of human remains, water quality in the Cheyenne River and participation in 
the development by tribal members as project monitors. 

Treatments 
Adverse effects to cultural resources can result from the construction and opera-
tion of well pads, access roads, pipelines, power lines, and compressor stations, 
and from vehicular travel. Effects to sites can be direct as a result of construction 
or other earth disturbing activities, or can be indirect as a function of such things 
as increased erosion, increased access, vibration from traffic or machinery, or 
alteration of the setting. Adverse affects to cultural properties may include altera-
tion of visual, atmospheric, and auditory aspects of site setting, or site destruction 
by placement of facilities and infrastructure. Indirect effects can be particularly 
important in the consideration of sites that are eligible for their location, setting, 
and feeling, such as emigrant trails or locations of historic battles. Cultural sites 
are a nonrenewable resource and, if disturbed, lose potential information, integ-
rity, and heritage value. Avoidance of eligible sites is the preferred mitigation. 
Although careful project planning can help alleviate inadvertent or unintentional 
effects to eligible sites, such effects can still occur. Data recovery plans can be 
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undertaken in cases where eligible sites cannot be avoided or are unintentionally 
affected. Mitigation of adverse impacts may include, site avoidance through pro-
ject relocation or redesign, visual resource management including adjustment of 
the color of facilities, landform screening, detailed mapping and recordation, his-
toric documentation, or data recovery. 

Many areas of federal minerals in the Project Area are privately owned surface. 
The surface owners must be kept informed of activities that are planned on their 
property, including the identification and treatment of historic and prehistoric 
resources. They must also understand, or be reassured that resources on their 
property belong to them, that they will be consulted in the mitigation process, 
and that they will have the option of taking possession of any cultural materials 
recovered on their land after the completion of appropriate documentation and 
analysis. BLM’s responsibility is to consider its effects to historic properties. 
Where necessary and possible, BLM, in consultation with SHPO and the appli-
cant, will address mitigation of adverse impacts to historic properties. Pursuant to 
the State Protocol Agreement between the Wyoming BLM State Director and the 
Wyoming State Historic Preservation Officer, BLM may consider, in consulta-
tion with the SHPO, proceeding with the action with an adverse effect to historic 
properties, applying the Criteria of Adverse Effect (36 CFR Part 800.9(b)). This 
option is pursued when treatment efforts will not be able to mitigate impacts or 
mitigation is infeasible, is not appropriate, or is not cost effective. Table 4–60 
briefly outlines typical effects to historic properties and options for dealing with 
those effects. 

Project Alternatives 
The Project Area has been divided into 18 sub-watersheds for this analysis. The 
total square miles, square miles surveyed, percent surveyed, and average sites per 
square mile by watershed are shown in Table 4–61. The amount of land involved 
varies greatly by watershed, with the largest amount of acreage in the Upper 
Powder River watershed and the smallest in the North Fork Powder River. As 
expected, the surveyed areas and percent of area surveyed also varied greatly. 
Figure 4–44 shows sections in the Project Area that have been surveyed inten-
sively and the relative density of sites recorded. The average percent of area sur-
veyed for the total Project Area is 10.2 percent with a high of 40.6 and a low of 
0.7 percent. The number of sites per square mile for the total Project Area is 6.1, 
with the largest number of sites per square mile found in the Clear Creek sub-
watershed and the smallest in the Upper Belle Fourche River sub-watershed. The 
Clear Creek sub-watershed is a diverse area that is likely to have a high density 
of sites. However, in this table, the site density is also inflated by thematic sur-
veys that reported sites, but where no survey acreage is associated. The total 
number of sites recorded in all the watersheds appears low but is likely a result of 
the amount of surveyed acreage being low rather than indicating a low site den-
sity. The most common sites in the Project Area are prehistoric artifact scatters 
and rural historic sites. 
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Table 4–60 Typical Treatment Options for Historic Properties  

Potential Impacts Property Types Treatment Measures 

Physical destruction of the property, or elements 
of the property by construction, operation, or asso-
ciated activities 

All property types 
Avoidance and protection of property. 

  Avoidance and protection of contributing or sensi-
tive portions of the property. Activities can occur 
in non-contributing areas. 

  If the property cannot be avoided, an approved 
plan for recordation, relocation, or data recovery 
(mitigation) may be implemented. 

Indirect deterioration of property caused by desta-
bilization of the structure itself or of associated 
sediments or bedrock, damage by fumes or dust, or 
alteration of vegetation. 

Buildings, standing structures, rock art or non-
portable art, or buried sites, including bone beds. 

Avoidance and protection that may include control 
of potential erosion, sedimentation, or destabiliza-
tion by limitation of activities near the property, 
stabilization measures, or erosion control. 

  Control measures to minimize damage to native 
vegetation and prevent invasion by aggressive 
weeds. 

  Control measures, including designated buffer 
distances and protective barriers, to minimize ef-
fects of vibration, dust, or fumes. 

  Rehabilitation of buildings or structures to mini-
mize potential deterioration. 

  If deterioration cannot be avoided, an approved 
plan for recordation, relocation, or data recovery 
(mitigation) may be implemented. 



Chapter 4 — Environmental Consequences 

 4–281 PRB O & G FEIS 

Table 4–60 Typical Treatment Options for Historic Properties  

Potential Impacts Property Types Treatment Measures 

Visual or auditory intrusion on the historic setting 
of a property that is important for its location and 
setting. 

May include certain buildings, structures, and lo-
cations of historic events, historic trails, sacred 
sites, or rural historic landscapes. 

Avoidance and protection of those elements of the 
landscape that are essential to the historic setting 
of the property. 

  If the setting cannot be avoided, the essential 
character of the setting may be documented, and 
the setting restored after completion of construc-
tion 

  Aspects of the location, appearance, or operation 
of the undertaking may be modified to minimize 
intrusion on the historic setting. This might in-
clude stipulations on the height, color, emissions, 
or operational noise levels of facilities. 

  Landscaping elements such as berms or screening 
by vegetation may be used to minimize intrusion 
on the historic setting. 

Unintentional disturbance, looting, or vandalism. All property types. Control of access to the property by fencing, barri-
ers, or monitoring. 

  Restriction of activities near sensitive areas. 

  If the property has been affected, an approved plan 
for damage assessment, recordation, or data recov-
ery may be implemented. 
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Table 4–61 Previously Surveyed Area and Average Density of Known 
Cultural Resource Sites per Square Mile by Sub-watershed 

Sub-watershed Total Square 
Miles 

Square Miles 
Surveyed 

Percentage 
Surveyed 

Sites per Square 
Mile 

Little Bighorn River 77.5 0.6 0.7 13.3 
Upper Tongue River 1,156.1 33.7 2.9 13.3 
Middle Fork Powder River 725.7 23.8 3.3 22.2 
North Fork Powder River 32.3 0.4 1.3 15 
Upper Powder River 2,505.5 229.4 9.2 5.0 
South Fork Powder River 178.7 5.3 3.0 7.4 
Salt Creek 238.1 11.3 4.7 7.9 

Crazy Woman Creek 856.7 7.9 0.9 21.3 

Clear Creek 855.4 6.7 0.8 45.2 
Middle Powder River 350.4 31.9 9.1 5.2 
Little Powder River 1,352.3 158.6 11.7 4.6 
Little Missouri River 60.2 2.7 4.5 10.7 
Antelope Creek 1,031.7 206.4 20.0 4.7 
Dry Fork Cheyenne River 483.3 64.0 13.2 8.9 
Upper Cheyenne River 323.1 131.2 40.6 5.2 
Lightning Creek 481.8 62.2 12.9 4.5 
Upper Belle Fourche River 1,320.1 245.3 18.6 4.3 
Middle North Platte River 332.2 41.0 12.4 7.7 

Total 12,361.1 1,262.4   
Average   10.2 6.1 

 

It is assumed that the areas that have been inventoried for cultural resources in 
each sub-watershed are representative of the range of settings. It is further as-
sumed that cultural resource sites are randomly distributed across the landscape. 
Given the total number of previously recorded sites per square mile for each wa-
tershed, the number of sites expected in the remaining unsurveyed areas is esti-
mated. Table 4–61 shows the estimate of square miles of total disturbance as a 
result of the Proposed Action and each alternative and the number of cultural re-
source sites that may be affected by the proposed disturbance in each sub-
watershed for the four alternatives. 

Alternative 1 
Alternative 1 is the Proposed Action. The total square miles of potential impact is 
302.5. Assuming that site density is uniform throughout each sub-watershed, the 
number of sites per square mile from Table 4–62 is used as a multiplier to esti-
mate the number of sites in the area of potential effect given the square miles of 
new disturbance. The number of cultural resource sites identified will be greater 
because an area larger than the proposed surface disturbance is surveyed. The 
potential number of sites affected by watershed varies from a high of 1,087 to a 
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Figure 4–44 Distribution of Intensive Surveys and the Relative Density of 
Cultural Sites Recorded 
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low of zero where there is no proposed development. All areas of ground distur-
bance associated with federal actions will be surveyed for cultural resources dur-
ing the APD process. Until those surveys are completed, only rough estimates 
can be made of the actual number of eligible cultural resource sites that would be 
affected by the proposed oil and gas development and the nature of the effects. 

Alternative 2 
Alternative 2 differs from the Proposed Action in the methods of boosting com-
pression and the strategies for produced water management. Although the num-
ber of proposed new wells to be developed in Alternative 2 is the same as the 
Proposed Action, the area of potential disturbance presented for Alternative 2 in 
Table 4–62 is different than is presented for the Proposed Action. Alternative 2 
also includes two methods for handling produced water (2A and 2B), which dif-
fer slightly in the area that would be disturbed. 

Table 4–62 Estimated Square Miles of Total CBM Surface Disturbance 
and Potentially Affected Cultural Resource Sites by Sub-
watershed and Alternative 

 Alternative 1 Alternative 2A Alternative 2B Alternative 3 

Sub-watershed Sq
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Little Bighorn River 0 0 0 0 0 0 0 0
Upper Tongue River 17.6 236 18.9 253 17.6 236 14.5 194
Middle Fork Powder River 0 0 0 0 0 0 0 0
North Fork Powder River 0 0 0 0 0 0 0 0
Upper Powder River 109.7 549 128.9 645 123.1 616 30.8 154
South Fork Powder River 0 0 0 0 0 0 0 0
Salt Creek 1.8 14 1.9 15 1.9 15 0.5 4
Crazy Woman Creek 22.6 479 26.4 565 25.0 535 7.9 169
Clear Creek 27.3 1,234 29.5 1,333 27.7 1,252 18.3 827
Middle Powder River 6.3 32 7.1 37 6.7 35 1.5 8
Little Powder River 24.0 110 25.7 118 24.6 113 12.4 57
Little Missouri River 0 0 0 0 0 0 0 0
Antelope Creek 70.4 401 70.9 404 70.6 402 25.9 148
Dry Fork Cheyenne River 0 0 0 0 0 0 0 0
Upper Cheyenne River 5.2 27 5.4 28 5.2 27 2.4 12
Lightning Creek 0 0 0 0 0 0 0 0
Upper Belle Fourche River 48.0 206 48.0 206 47.4 204 28.5 123
Middle North Platte River 0 0 0 0 0 0 0 0
Total 332.9 3,288 362.7 3,604 349.8 3,435 142.7 1,696

 

The total square miles of potential impact for Alternative 2A is 316.5. The num-
ber of sites per square mile from Table 4-66 is used as a multiplier to estimate the 
number of sites in the area of potential effect given the square miles of new dis-
turbance. This number is the estimated resources potentially affected. A larger 
number will be identified by surveys. The number of sites potentially affected by 
watershed varies from a high of 1,150 to a low of zero where there is no pro-
posed development. Alternative 2B would result in less total surface disturbance 
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(311.3 square miles) and slightly fewer cultural resource sites potentially af-
fected. All areas of ground disturbance associated with federal actions would be 
surveyed for cultural resources during the APD process. Until those surveys are 
completed, only rough estimates can be made of the actual number of eligible 
cultural resource sites that would be affected by the proposed oil and gas devel-
opment. 

Alternative 3 
This alternative would result in no new federal wells. There would still be effects 
from development, drilling, and operations on private or state land. Some of the 
roads and water handling facilities would be located on federal lands. Federal 
agencies would allow these effects. Consequently, a small amount of federal land 
would be affected by private development in Alternative 3. The total square 
miles of potential effect for Alternative 3 is 104.7. The number of sites per square 
mile from Table 4–61 is used as a multiplier to estimate the number of sites in the 
area of potential effect given the square miles of new disturbance. The potential 
number of sites affected by watershed varies from a high of 568 to a low of zero 
where there is no proposed development. All areas of ground disturbance associ-
ated with federal actions will be surveyed for cultural resources during the APD 
process. Until those surveys are completed, only rough estimates can be made of 
the actual number of eligible cultural resource sites that would be affected by the 
proposed oil and gas development. 

The discussions of each alternative address the total number of cultural resource 
sites that may be directly affected by the extent of proposed surface disturbance 
for each alternative. All of the federal undertakings would be subject to Section 
106 review under the implementing regulations of the NHPA. From 39 to 43 per-
cent of the proposed development in Alternatives 1, 2A, and 2B would be non-
federal actions that are not subject to Section 106 review, and only a small pro-
portion of the access roads and water handling facilities in Alternative 3 would 
be on federal surface and subject to Section 106 review. Based on the proportion 
of known sites that are considered historic properties, only about 15 percent of 
the cultural resource sites that may be affected would be historic properties. 

Based on the estimated number of cultural resources potentially affected by Al-
ternative 3 and the estimate that about 15 percent of recorded sites are typically 
evaluated as eligible, 178 historic properties would be within the potential area of 
direct surface disturbance of Alternative 3 and the non-federal portions of the 
other alternatives. These resources would not be protected by the Section 106 
process. The approximate numbers of historic properties that are likely to be 
taken into consideration in the Section 106 process for potential direct effects are 
257 for Alternative 1, 283 for Alternative 2A, and 271 for Alternative 2B. Cur-
rent data are inadequate to estimate how many historic properties may require 
consideration for indirect effects. Indirect effects are most likely to be an issue 
for sites, districts, or landscapes that are eligible for their association with events, 
patterns of events or historic persons. The information in the Wyoming Cultural 
Records Office database is site-specific and cannot provide information on poten-
tial indirect effects to cultural districts or landscapes. Cultural landscapes and 
sites that are eligible as the locations of events important in history may be sus-
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ceptible to indirect auditory and visual effects from varying distances. These ef-
fects cannot be derived from the database or basic documentation, but must be 
identified in the field. 

Although some historic properties would require additional investigations after 
initial survey and documentation to complete evaluation or to confirm their 
boundaries, it would be feasible to avoid and protect the majority of the historic 
properties, possibly 95 percent or more. If it is assumed that the distribution of 
historic properties across the landscape is uniform, it can be estimated that the 
number of historic properties that cannot be avoided by the direct effects of fed-
eral actions and would require mitigation measures such as stabilization, rehabili-
tation, detailed recordation, or data recovery would be approximately 13 to 14 
(for example, Alternative 1: 257 historic properties times 5 percent equals 13). In 
fact, site distributions are not uniform, and each historic property must be consid-
ered individually. Over time, as the opportunities for well locations are used, the 
prospects to avoid effects to historic properties would diminish, and the potential 
for inadvertent indirect effects would increase. 

Based on the currently known site densities and the assumptions above, the cu-
mulative effects of the proposed developments would be that 178 historic proper-
ties may be directly affected by state and private actions, and that the Section 106 
process for federal actions would avoid or minimize effects to 257 to 283 historic 
properties. Minimizing effects may include mitigation measures at 13 to 14 his-
toric properties. In addition, oil and gas development would improve access areas 
where historic properties are located, increase traffic and activities near many 
sites, and increase the potential for inadvertent effects from unrelated actions. 

Management Options 
Because of the requirements for compliance with federal regulations including, 
but not limited to Section 106 of the National Historic Preservation Act, NEPA, 
and the Archeological Resources Protection Act, all areas on federal lands or that 
involve federal minerals proposed for disturbance will be inventoried for cultural 
resources. Equivalent regulatory mandates are not in place for private or State of 
Wyoming lands. However, if a project involves a federal permit or authorization, 
federal historic preservation requirements would apply. 

It is evident that all of the alternatives have the potential to affect historic proper-
ties. As development progresses the opportunities for avoiding direct or indirect 
effects to historic properties will diminish. As more wells are developed it would 
become increasingly difficult to avoid visual and auditory impacts to cultural 
landscapes. Because of long-term planning and management considerations, cul-
tural resource inventories should target entire PODs rather than piecemeal ac-
tions. 

The following types of management situations may be encountered: 

1. The resource is not a historic property, and no further work is required. The 
majority of cultural resources are not historic properties; 
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2. The historic property is within an area of proposed disturbance, but the pro-
posed action can be altered within areas of existing inventory to avoid direct 
adverse effects and protect the property from indirect adverse effects; 

3. The historic property is within an area of proposed disturbance but the pro-
posed action can be altered, relocated, or constrained within areas of existing 
inventory so that only non-contributing portions of the historic property are 
affected and contributing portions can be protected from adverse impact; 

4. The historic property is not immediately within the area of proposed impact, 
but its location and setting are intrinsic to its eligibility, and the proposed ac-
tion can be altered, relocated, or constrained in such a way that its intrusion 
on the viewshed and adverse effect contributing to aspects of the setting can 
be minimized; 

5. The historic property is within an area of proposed impact but is a small 
property eligible under Criteria c or d and the property itself, its significant 
attributes, or its important data are not intrinsically tied to their location or 
setting and can be moved, collected, documented, or studied at minimal cost;  

6. The historic property and feasible design of the proposed action are such that 
avoidance and protection of the property is not a viable alternative. In such a 
case, the cultural resource professional would propose a prudent and feasible 
recordation or data recovery plan to submit to BLM for review; or 

7. The historic property was not identified or predicted by the cultural resource 
inventory and was encountered during development or operation of the facili-
ties. 

Monitoring would assess the effectiveness of management strategies in achieving 
management objectives. If management activities are not achieving these objec-
tives, the strategies would be modified to improve their effectiveness. 

Land Use and Transportation 

Land Use 
This section discusses the potential effects to land ownership, land uses, and land 
management plans in the Project Area. 

Land Status/Ownership 
Surface or mineral ownership would not be expected to change by implementa-
tion of any of the alternatives. No direct or indirect effects to existing surface 
land ownership or mineral ownership would occur under implementation of any 
of the alternatives. 

Surface use and rights-of-way approvals would be obtained from federal, state, 
and local agencies. Access easements would be negotiated with landowners or 
secured through the permitting processes of the federal, state, or local jurisdic-
tional agencies. For Alternative 1 and Alternative 2, most of the proposed wells 
and ancillary facilities would be located on lands where the federal government 
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owns the CBM mineral estate. However, not all of the surface may be federally 
owned. 

Land Use 
This section discusses the short-term and long-term direct and indirect effects to 
existing land uses that are anticipated to occur from implementation of the pro-
ject. 

Direct and Indirect Effects 
Rangeland is the primary land use that would be affected by any of the alterna-
tives for both public and private lands in the Project Area. Direct effects to land 
uses result from removal or loss of existing land uses caused by direct distur-
bances for the project-related facilities or activities, and occur at the same time 
and place as the project-related action. Direct effects to land uses would occur 
from construction of the proposed facilities for any of the alternatives. The acres 
of disturbance for each of the alternatives are estimated based on the proposed 
number and tentative locations of wells and other project facilities. Facility-
specific disturbances were estimated using data collected from existing oil and 
gas development in the Project Area. 

Indirect effects to land uses are reasonable foreseeable results of project-related 
activities that occur later or are removed in distance from the project-related ac-
tion. Indirect effects may occur to land uses on properties adjacent to the project-
related facilities for any the alternatives. For example, project-related vehicles 
and equipment may generate air emissions, fugitive dust, noise, and increased 
risk of traffic accidents and visual and aesthetic effects may result from project-
related facilities and activities. Land disturbances also increase the potential for 
the introduction and spread of noxious weeds. 

Alternative 1 
Effects to land uses are addressed for the two primary phases of the Proposed 
Action: drilling and construction of facilities (short-term disturbances), and pro-
duction and maintenance (long-term disturbances) After decommissioning, rec-
lamation, and final closure of project-related facilities, the pre-existing land uses 
would be re-established. 

The land use disturbances associated with the Proposed Action include two pri-
mary components. The first is the CBM wells and ancillary facilities. The second 
component is the non-CBM wells and ancillary facilities. Under the Proposed 
Action, wells and ancillary facilities would be installed and operated within 10 of 
the 18 sub-watersheds that make up the Project Area. Most of the new wells (64 
percent) and facilities would be constructed in two sub-watersheds: the Upper 
Powder River and Upper Belle Fourche River sub-watersheds. Other sub-
watersheds that would contain relatively high numbers of wells and facilities in-
clude Clear Creek, Crazy Woman Creek, Antelope Creek, Little Powder River, 
and Upper Tongue River. 

For the CBM wells, implementation of this alternative would cause short-term 
disturbance of as many as 193,589 acres. The short-term disturbance associated 
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with Alternative 1 would involve about 3 percent of the almost 8 million-acre 
Project Area. Under the Proposed Action, surface disturbances and effects to ex-
isting land uses would occur during drilling and construction of the proposed fa-
cilities, including well pads, CMFs, roads, pipelines, power lines, compressor 
stations, and water-handling facilities. Most of the short-term disturbance would 
be associated with construction of the pipelines, roads, and water-handling facili-
ties. Compressor stations would account for a small portion of the overall distur-
bance. 

After the proposed facilities have been installed, much of the disturbed land 
would be reclaimed, revegetated, and returned to pre-existing land uses. After 
pipelines have been reclaimed and well pads and compressor stations reclaimed 
in part, long-term disturbance associated with the new CBM wells would encom-
pass about 85,884 acres. The acreage for long-term disturbance is a 45 percent 
reduction from the short-term disturbance. The roads and water handling facili-
ties would represent most of the long-term disturbance. 

A large portion of the disturbances associated with the Proposed Action involve 
the large water-handling facilities that would be constructed to contain the pro-
duced water over the life of the project. Approximately 27,009 acres of total sur-
face area would be disturbed both short-term and long-term for the water han-
dling facilities for the Proposed Action. Most of this disturbance would occur 
within the Upper Powder River and Upper Belle Fourche River sub-watersheds. 

In addition to the disturbances associated with the CBM wells, about 3,200 non-
CBM wells would also be completed over a 10-year period as part of the Pro-
posed Action. Of these wells, 3,000 would be drilled within the Buffalo Field 
Office Area and 200 wells would be located within the Casper Field Office Area. 
Short-term disturbance associated with construction of non-CBM wells and asso-
ciated facilities would affect 8,800 acres of the Project Area. Most of this distur-
bance would occur in three watersheds: Little Powder River, Upper Belle 
Fourche River, and Upper Powder River. After the non-CBM wells are opera-
tional and partial reclamation has occurred, the long-term disturbance would be 
reduced to 85 percent of the original disturbance, or 7,520 acres. 

Rangeland is the predominant land use that would be displaced by project-related 
facilities for both the short-term and long-term cumulative proposed disturbance, 
as shown on Table 4–63 and Table 4–64. The cumulative total disturbance shown 
on Table 4–63 does not include that acreage that would be disturbed by the 
CMFs or water handling facilities because the locations proposed for these facili-
ties are not yet defined. As shown in Table 2–41, 80 percent of the CBM well 
pads would be located on private land. Almost 90 percent of the land disturbed 
would be rangeland. Two percent of the total rangeland in the Project Area would 
be affected under implementation of Alternative 1. 

Direct effects to existing land uses would result from clearing of or damage to 
vegetation and disturbance of soils for construction and installation of the pro-
posed facilities. Implementation of the Proposed Action could have both positive 
and negative direct and indirect effects on the amount of grazing capacity and 
AUMs for the rangeland in the Project Area. Potential direct impacts to range-
land would include loss of vegetation or forage for livestock grazing that would  
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Table 4–63 Projected CBM Disturbances of Alternatives 1, 2A, and 2B to Land Uses by Type of Land Use and Sub-watershed 

Alternatives 1, 2A, 2B 
Proposed Disturbance by Sub-watershed (Acres) 

Agriculture Barren Forested Mixed Rangeland Wetlands Urban Water Coal Mines Total 
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Little Bighorn River 3 2 0 0 0 0 11 9 0 0 0 0 0 0 0 0 14 12 

Upper Tongue River 665 262 0 0 329 121 6,459 2,324 0 0 3 2 0 0 0 0 7,455 2,708 

Middle Fork Powder 3 2 0 0 19 16 44 38 0 0 0 0 0 0 0 0 66 56 

North Fork Powder 0 0 0 0 0 0 3 2 0 0 0 0 0 0 0 0 3 2 

Upper Powder 1,520 549 3 1 1,367 496 52,950 19,256 0 0 93 34 4 1 0 0 55,938 20,338 

South Fork Powder 0 0 0 0 3 2 6 5 0 0 0 0 0 0 0 0 8 7 

Salt Creek 0 0 0 0 6 5 1,164 432 0 0 0 0 0 0 0 0 1,169 437 

Crazy Woman Creek 9 3 0 0 8 4 11,145 3,914 157 49 60 21 0 0 0 0 11,379 3,991 

Clear Creek 967 330 4 1 194 63 10,503 3,744 0 0 12 4 144 51 0 0 11,825 4,195 

Middle Powder River 81 44 0 0 284 134 2,859 1,162 0 0 0 0 0 0 0 0 3,224 1,340 

Little Powder River 1,719 705 0 0 552 454 14,180 6,756 0 0 104 36 31 14 6 5 16,591 7,970 

Little Missouri 14 12 0 0 3 2 242 207 0 0 0 0 0 0 0 0 259 221 

Antelope Creek 7,411 2,616 26 9 8 7 31,128 11,074 0 0 0 0 0 0 3 2 38,576 13,709 

Dry Fork Cheyenne 14 12 0 0 3 2 118 101 0 0 0 0 0 0 0 0 135 115 

Upper Cheyenne 504 181 10 5 3 2 2,629 1,031 27 11 3 2 7 2 6 5 3,188 1,239 

Lightning Creek 19 16 0 0 0 0 116 99 0 0 0 0 0 0 0 0 135 115 

Upper Belle Fourche 3,481 1,342 199 70 115 94 20,418 7,885 11 5 164 73 0 0 25 21 24,414 9,492 

Middle North Platte Casper 3 2 3 2 0 0 99 85 0 0 0 0 0 0 0 0 105 89 

Total 16,413 6,079 245 89 2,893 1,405 154,072 58,123 194 65 439 173 186 69 39 33 174,481 66,036 
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Table 4–64 Projected CBM Disturbances of Alternatives 1, 2A, and 2B to Land Uses by Type of Land Use and Surface Owner 

Alternatives 1, 2A, 2B 
Proposed Disturbance by Surface Owner (Acres) 

BLM 
BFO CFO Forest Service State Private Total Sub-watershed 

Short-term Long-term Short-term Long-term Short-term Long-term Short-term Long-term Short-term Long-term Short-term Long-term

Agriculture 7 3 0 0 1,658 592 507 184 14,240 5,301 16,413 6,079 

Barren 0 0 0 0 0 0 113 40 132 49 245 89 

Forested 453 222 6 5 39 33 186 101 2,211 1,044 2,893 1,405 

Mixed Rangeland 18,216 6,772 30 26 5,243 2,169 10,201 3,838 120,381 45,319 154,072 58,123 

Wetlands 0 0 0 0 3 1 3 2 188 62 194 65 

Urban 27 9 0 0 0 0 15 7 398 158 439 173 

Water 0 0 0 0 0 0 26 9 160 60 186 69 

Coal Mine 0 0 0 0 0 0 0 0 39 33 39 33 

Total 18,702 7,006 36 31 6,943 2,795 11,050 4,180 137,749 52,025 174,481 66,036 
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result from the land disturbances associated with construction, and an increased 
potential to introduce and spread noxious weeds.  

Under the Proposed Action, potential indirect impacts to rangeland and other 
land uses could result from surface disturbances that introduce nonnative, non-
palatable plant species for cattle or other livestock. The BLM does not allow non-
native species in reclamation mixes on federal lands. However, the BLM does 
not dictate the plant species that are required by private landowners. The land 
management practices and strategies to prevent and control the spread of noxious 
weeds are discussed under Mitigation. 

Land disturbances would result in a reduction in the grazing capacity and the loss 
of 2 percent of the rangeland and associated AUMs in the Project Area. How-
ever, the number of AUMs could increase in areas where produced water from 
CBM development is used to improve rangelands by irrigation. CBM produced 
water could be applied through land application, irrigation, discharge, or storage 
in upland areas. Construction of stock ponds and irrigation systems could allow 
increased forage and grazing. The increased availability for stock watering could, 
however, increase the potential for overgrazing. Potential effects could include an 
increase in the number of AUMs, overgrazing, and introduction of noxious 
weeds. These effects would vary based on the quality of the produced water and 
site-specific conditions such as soil type and existing rangeland vegetation.  

The potential impacts to land use associated with the Proposed Action include the 
cumulative threshold effects of SAR and salinity that would result from the ap-
plication of water produced by CBM development to crops and rangeland, such 
as irrigation or land application. The land application of produced water in up-
land areas has the potential to have both positive and negative effects on land 
uses. The effects of irrigation or submersion on crops and rangeland vegetation 
would vary based on the quality of the produced water to be used for irrigation 
and other site-specific conditions, such as soil clay mineralogy and chemistry, 
individual plant tolerances to SAR and salinity, and water management practices. 
The productivity and yield of crops or rangeland grazing capacity may be re-
duced by the use of irrigation water with high SAR and salinity values. SAR val-
ues of 13 or more may cause practically irreversible changes to soil structure that 
may impact crops or rangeland vegetation (Seelig 2000; U.S. Salinity Laboratory 
Staff 1954). As indicated in Section 4, Surface Water, the predicted average SAR 
values for undiluted produced waters range from 6.4 in the Upper Cheyenne 
River sub-watershed to 38.7 for the Upper Tongue River sub-watershed. The 
predicted salinity values for irrigation water (ECw) for the undiluted produced 
water in the sub-watersheds of the Project Area range from 0.6 to 2.4 mmhos/cm. 
For potential yields of 100 percent, typical relative tolerances for field crops to 
salinity in irrigation water (EC) generally range from 0.7 to 5.3 mmhos/cm (EPA 
2002b). 

Discharges of produced waters and their use for irrigation would be in accor-
dance with the guidance and requirements of the State of Wyoming. The specific 
locations for the wells and water handling facilities are not yet defined; therefore, 
site-specific impacts to crops and rangeland plants are not quantifiable at this 
time. Site-specific assessments of these impacts are required as part of the APD 
approval process. Implementation of the MMRP provided in Appendix D would 
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minimize the potential effects to land use associated with SAR, salinity, and 
standing water (such as during flood irrigation).  

The predicted average SAR values for the produced water in each sub-watershed, 
and the suitability of the produced water for irrigation are analyzed in Surface 
Water. Possible guidelines for establishing SAR and salinity limits for irrigation 
water are provided in Soils. Potential impacts to vegetation from each alternative 
are analyzed in Vegetation. 

Indirect adverse effects may occur to the land uses on properties adjacent to the 
project-related facilities from implementation of the Proposed Action through 
generation of air emissions, fugitive dust, and noise, visual and aesthetic effects 
of the project-related facilities and activities, increased traffic levels from pro-
ject-related vehicles, and increased opportunities for public access as a result of 
the development of new and upgraded access roads for the life of the project. 

An analysis of the potential impacts associated with air emissions, fugitive dust, 
and noise is provided in Air Quality and Climate and Noise. Visual effects are 
analyzed in Visual Resources. 

The anticipated impacts to the recreational land uses and visual resource areas, 
such as WSAs and other SMAs on BLM lands, are analyzed in Recreational Re-
sources, and Visual Resources. No surface occupancy (NSO) for mineral devel-
opment has been stipulated for the Fortification Creek WSA and most of the 
other SMAs. No direct land use impacts would occur in the Fortification Creek 
WSA, Cantonment Reno, or Weston Hills Recreation Areas because no project-
related facilities are proposed in these areas. Indirect effects to these areas may 
include some visible project facilities, noise, and increased access and human 
activity associated with CBM development. There would be no effects to recrea-
tional uses within the other SMAs in the Project Area because they are located 
10 miles or more outside of the coal boundaries in the Middle Fork Watershed. 

Alternatives 2A and 2B 
With the exception of the overall methods for handling the disposal of produced 
water, the land use effects associated with implementation of Alternatives 2A and 
2B are similar to those for the Proposed Action. 

For both Alternative 2A and 2B, the number and distribution of CBM and non-
CBM wells are the same as evaluated for Alternative 1. Short-term disturbances 
for non-CBM wells would be 8,800 acres, and long-term disturbances would be 
7,520 acres.  

For Alternative 2A, short-term disturbance from CBM development would be 
202,843 acres of total surface area. Long-term disturbance associated with Alter-
native 2A would be 95,138 acres. Much of this long-term disturbance would be 
associated with 36,263 acres of surface area that would be disturbed for the water 
handling facilities to contain the produced water from the proposed CBM wells. 

For Alternative 2B, short-term disturbance from CBM development would be 
199,233 acres of total surface area. Long-term disturbance would be 
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91,528 acres, of which 32,653 acres would be associated with the water handling 
facilities. 

For both Alternative 2A and Alternative 2B, rangeland is the predominant exist-
ing land use that would be displaced by the project-related facilities for both the 
short-term and long-term effects. The potential disturbance from non-CBM wells 
and indirect impacts to land uses would be about the same as were described for 
Alternative 1. 

Alternative 3 
There would be no new federal wells under this alternative. However, develop-
ment of non-federal CBM wells would continue to occur on non-federal lands 
within the Project Area. The agencies assumed development of private and state 
minerals would occur along the same overall schedule as for Alternative 1. The 
Companies would drill approximately 15,504 new CBM wells between 2002 and 
2011. These wells would be in addition to the 12,024 CBM wells already permit-
ted or drilled on federal, state, and private lands within the Project Area. A total 
of 27,528 CBM wells would be developed by 2011 under this alternative. An 
additional 1,302 non-CBM wells would be installed under Alternative 3. 

As described under Alternative 1 and Alternatives 2A and 2B, some of the new 
CBM wells would be drilled from the same well pads; therefore, the number of 
pads constructed would be less than the number of wells drilled. 

Because fewer new wells would be drilled and fewer pads, roads, and pipelines 
would be constructed under Alternative 3, the number of facilities constructed 
would be smaller than under the Proposed Action. The overall short-term and 
long-term disturbances associated with this alternative would be less than that 
which would occur with implementation of Alternative 1 or Alternatives 2A or 
2B. Rangeland is the predominant land use that would be displaced by project-
related facilities for both the short-term and long-term cumulative disturbance 
proposed (for both CBM and non-CBM wells), as shown in Table 4–65 and 
Table 4–66. 

Short-term direct adverse effects to land uses would result from clearing or dam-
age to vegetation and disturbance of soils for drilling and construction of facili-
ties. For Alternative 3, short-term direct effects associated with the CBM wells 
would displace approximately 79,052 acres from the existing land uses, primarily 
rangeland. In addition, 3,581 surface acres would be disturbed by construction of 
non-CBM wells. Most of this disturbance would occur in three sub-watersheds. 
They are the Little Powder River, Upper Belle Fourche River, and Upper Powder 
River. 

Long-term direct effects to land uses would result from production and mainte-
nance for the life of the project. Once the CBM wells are operational and partial 
reclamation has occurred, long-term direct effects associated with the CBM wells 
would displace 35,458 acres from the existing land uses, primarily rangeland. 
Approximately 11,683 acres of the total long-term disturbance would be dis-
placed for the water handling facilities to contain the produced water from the  
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Table 4–65 Projected CBM Disturbances of Alternative 3 to Land Uses by Type of Land Use and Sub-watershed 

Alternative 3 
Proposed Disturbance by Land Use Type(Acres) 

Agriculture Barren Forested Mixed Rangeland Wetlands Urban Water Coal Mine Total 
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Little Bighorn River 3 2 0 0 0 0 11 9 0 0 0 0 0 0 0 0 14 12 

Upper Tongue River 659 260 0 0 218 81 5,720 2,045 0 0 3 2 0 0 0 0 6,600 2,388 

Middle Fork Powder 3 2 0 0 0 0 19 16 0 0 0 0 0 0 0 0 22 19 

North Fork Powder 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Upper Powder 1,140 411 0 0 472 171 11,544 4,234 0 0 48 18 0 0 0 0 13,204 4,834 

South Fork Powder 0 0 0 0 3 2 6 5 0 0 0 0 0 0 0 0 8 7 

Salt Creek 0 0 0 0 0 0 565 205 0 0 0 0 0 0 0 0 565 205 

Crazy Woman Creek 9 3 0 0 8 4 3,680 1,287 5 2 28 10 0 0 0 0 3,729 1,306 

Clear Creek 967 330 0 0 184 58 6,782 2,418 0 0 12 4 144 51 0 0 8,088 2,861 

Middle Powder River 33 21 0 0 54 23 463 205 0 0 0 0 0 0 0 0 550 249 

Little Powder River 1,372 560 0 0 122 99 6,055 2,752 0 0 78 27 29 11 6 5 7,661 3,454 

Little Missouri 8 7 0 0 0 0 83 71 0 0 0 0 0 0 0 0 91 78 

Antelope Creek 3,586 1,262 0 0 0 0 10,237 3,633 0 0 0 0 0 0 0 0 13,823 4,895 

Dry Fork Cheyenne 8 7 0 0 0 0 36 31 0 0 0 0 0 0 0 0 44 38 

Upper Cheyenne 210 76 10 5 0 0 1,196 469 13 6 0 0 0 0 6 5 1,434 560 

Lightning Creek 14 12 0 0 0 0 55 47 0 0 0 0 0 0 0 0 69 59 

Upper Belle Fourche 2,664 1,040 191 67 11 9 11,591 4,482 7 4 164 73 0 0 17 14 14,645 5,689 

Middle North Platte Casper 0 0 3 2 0 0 44 38 0 0 0 0 0 0 0 0 47 40 

Total 10,676 3,993 203 74 1,070 448 58,086 21,944 25 11 333 135 173 63 28 24 70,594 26,693
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Table 4–66 Projected CBM Disturbances of Alternatives 3 to Land Uses by Type of Land Use and Surface Owner 

 Alternative 3 Cumulative Disturbance by Surface Owner (Acres) 
 BLM     

BFO CFO Forest Service State Private Total 
Land Use Type Short-term Long-term Short-term Long-term Short-term Long-term Short-term Long-term Short-term Long-term Short-term Long-term
Agriculture 0 0 0 0 508 179 481 175 9,687 3,640 10,676 3,993 
Barren 0 0 0 0 0 0 113 40 91 35 203 74 
Forested 0 0 0 0 3 2 175 91 893 355 1,070 448 
Mixed Rangeland 0 0 0 0 664 270 9,516 3,581 47,906 18,093 58,086 21,944 
Wetlands 0 0 0 0 0 0 3 2 22 9 25 11 
Urban 0 0 0 0 0 0 15 7 318 128 333 135 
Water 0 0 0 0 0 0 26 9 147 54 173 63 
Coal Mine 0 0 0 0 0 0 0 0 28 24 28 24 
Total 0 0 0 0 1,174 452 10,328 3,905 59,064 22,313 70,594 26,693 
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proposed CBM wells. The long-term disturbance from the non-CBM wells is 
estimated to be an additional 3,060 acres. 

Under Alternative 3, the existing land uses in the Project Area would continue to 
experience long-term indirect effects from air emissions, fugitive dust and noise, 
visual and aesthetic effects of the project-related facilities and activities, in-
creased traffic levels from project-related vehicles, and increased public access 
opportunities as a result of the development of new and upgraded access roads 
for the life of the project. Short-term indirect adverse effects to the land uses on 
properties adjacent to the project-related facilities would also occur through 
physical intrusion of the construction crew and equipment and the temporary ob-
struction or delay of traffic at road crossings during the construction and installa-
tion phase. 

Consistency with Land Use Plans 
Implementation of Alternative 1 or Alternatives 2A and 2B would be consistent 
with land use plans of the State of Wyoming, the planning goals of the four coun-
ties, and planning goals of numerous incorporated areas within the Project Area. 
The results of the analysis of federal land use plans are presented in Chapter 5. 

Although some of the proposed wells are within or near incorporated areas, pri-
marily near the City of Gillette, zoning regulations allow oil and gas develop-
ment within designated zoning districts. 

Cumulative Land Use Effects 
Under Alternative 1 or Alternatives 2A and 2B, the Companies would drill, com-
plete, and operate an additional 39,367 new CBM wells within the Project Area 
by the end of 2011. Including the 12,024 CBM wells already permitted in the 
Project Area, Alternative 1 or Alternatives 2A or 2B would have a cumulative 
total of 51,391 new CBM wells and 3,200 non-CBM wells within the Project 
Area by the end of 2011. The life of the project for these alternatives would be 20 
years and project-related activities would be completed around 2021. 

Under Alternative 3, the Companies would drill approximately 15,504 new non-
federal CBM wells between 2002 and 2011. These wells would be in addition to 
the 12,024 CBM wells already permitted or drilled on federal, state, and private 
lands within the Project Area. A cumulative total of 27,528 CBM wells would be 
developed by 2011 for this alternative. An additional 1,302 non-CBM wells 
would be installed under Alternative 3. 

A comparison of acres of the total surface area disturbed for the project facilities 
associated with each alternative is shown on Table 2–41. Both short-term and 
long-term disturbances would be substantially less for Alternative 3 than for Al-
ternative 1 or Alternative 2. 

Transportation 
This section analyzes the potential effects of construction and operation of the 
proposed facilities on the transportation resources within the Project Area. 
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For any of the alternatives, the potential direct effects to transportation resources 
would include a significant amount of increased vehicular traffic and risk of traf-
fic accidents on existing roadways in the Project Area from daily travel of pro-
ject-related employees. Indirect effects would include minor traffic delays from 
short-term closures at some road crossings, increased wear and tear on existing 
roads, additional air emissions, fugitive dust from roads, noise, increased poten-
tial access to remote areas, an increased risk of vehicle collisions with livestock 
and wildlife, and visual intrusion of project-related vehicles and activities. 

For any of the alternatives, the proposed new roads to access well pads (resource 
roads) would be developed in accordance with accepted current transportation 
practices of the oil and gas industry. New resource roads on BLM or FS lands 
would meet the minimum BLM requirements for road design and maintenance, 
as defined in the APD and ROW applications. 

The specific locations for the wells, new resource roads, and other project-related 
facilities are not yet defined; therefore, site-specific impacts to traffic and roads 
are not quantifiable at this time. Site-specific assessments of these impacts are 
required as part of the APD approval process. 

Rail service and airports within the Project Areas would not be affected by any of 
the alternatives. Drilling operations for any of the alternatives would comply with 
the requirements of the Federal Airport Regulation Sub-Part 77 (FAR Part 77). 
Obstructions to air navigation are defined as any structure that is 200 feet above 
ground level or above the established airport elevation, whichever is higher, and 
within 3 miles of the established airport reference point. The FAA Form 7460–1, 
“Notice of Proposed Construction of Proposed Construction or Alternation,” is 
required to be submitted to FAA at least 30 days before construction begins near 
an airport. 

The transportation-related impact analysis assumed that: 

 The construction and installation phase for any of the alternatives would 
occur within the entire Project Area over a 10-year period. Short-term and 
long-term increases in daily traffic would result from the proposed activities 
for any of the alternatives. 

 Equipment needed for construction and installation of the proposed facilities 
for any of the alternatives would include heavy equipment (mobile drilling 
rig, bulldozers, graders, track hoes, trenchers, and front-end loaders), and 
heavy- and light-duty trucks. 

 Short-term increases in daily traffic were assessed for all the alternatives 
based on the daily travel of the average number of estimated workers for the 
peak activity year for all project-related activities. 

 Increases in average daily traffic counts would occur on the primary access 
roads into the Project Area, predominantly Interstate 25, Interstate 90, U.S. 
Highways 14 and 16, State Highways 59 and 387, and the county roads. 

 An average of 1.5 workers per vehicle was assumed to compute the in-
creases to average daily traffic count for the roads in the Project Area attrib-
utable to project-related vehicle trips for all of the alternatives. Each worker 
was assumed to make one round trip per day. 
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 No new public roadways or new intersections would be built under any of 
the alternatives. 

 A significant traffic volume impact would occur if the project-related vehi-
cle trips generate a 25 percent or more increase in the average daily traffic 
count compared with the existing (background) average daily traffic counts 
for the major access roads in the Project Area. 

 An increase in the accident rate is likely at intersections, or locations such as 
where a lane merges, if the increase in number of vehicles that enter existing 
intersections is significantly higher (10 percent of more) than background 
conditions. 

Alternative 1 
For the Proposed Action, the direct effects to transportation resources would in-
clude a significant increase in vehicular traffic (more than 25 percent increase 
compared with existing traffic counts) on existing roadways in the Project Area 
from daily travel of project-related employees. The risk of traffic accidents would 
increase on roads used to access the Project Area in proportion to the additional 
traffic. 

Under the Proposed Action, approximately 7,135 miles of new improved and 
10,619 miles of two-track roads would be developed with the new CBM facili-
ties. The Companies would pay the costs associated with construction, mainte-
nance, and reclamation of proposed new resource roads. The counties and Com-
panies would be responsible for maintaining the project’s improved roads in the 
Project Area. The counties would continue to maintain the existing county roads 
and any roads covered by maintenance agreements with BLM. The Companies 
would maintain all other project roads. The Companies would not routinely em-
ploy dust abatement procedures on the roads in the Project Area during produc-
tion and maintenance.  

For the Proposed Action, the estimated CBM and non-CBM employment for 
each year of the project for all project-related activities is provided in Tables 2–
16 and 2–20. Under implementation of Alternative 1, the estimated number of 
cumulative employees for the peak activity year 2007 was used to calculate the 
maximum number of additional project-related vehicle trips for short-term ef-
fects.  

Transportation-related effects from implementation of the Proposed Action are 
summarized as follows: 

 In the short term, the average daily traffic would increase by approximately 
7,627 additional vehicle trips (based on an estimated 5,620 workers per day) 
during the peak activity year (2007), distributed over the various roads 
within the entire Project Area. 

 Long-term increases in traffic would vary proportionately with the number 
of employees and activities required for each year of the project. 

 Based on the proposed well locations, 63 percent of the additional daily traf-
fic caused by project-related vehicles would occur within the Upper Powder 
River and Upper Belle Fourche River sub-watersheds. Project-related traffic 
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would be dispersed throughout these two sub-watersheds and would result 
in a relatively large increase in traffic on state and local roads during the life 
of the project. The increased volume primarily would affect State Highways 
59 and 387. 

 Most of the remainder of the additional daily traffic from project-related 
vehicles would occur in the Clear Creek, Crazy Woman Creek, Upper 
Tongue River, Antelope Creek, and Little Powder River sub-watersheds as a 
result of the relatively high numbers of proposed wells and facilities. 

 The estimated increases to average daily traffic attributable to project-
related vehicles is more than a 25 percent increase compared with the exist-
ing average daily traffic counts for some of the roads in Project Area. 

 The estimated increase in risk of traffic accidents from additional project-
related vehicles would be approximately the same percent increase as for the 
average daily traffic counts caused by project-related vehicles compared 
with the existing daily traffic counts for the roads in the Project Area. 

 Indirect effects would include minor traffic delays from short-term closures 
at some road crossings, increased wear and tear on existing roads, additional 
air emissions, fugitive dust from roads, noise, increased potential access to 
remote areas, an increased risk of vehicle collisions with livestock and wild-
life, and visual intrusion of project-related vehicles and activities. 

Alternatives 2A and 2B 
Under implementation of Alternatives 2A or 2B, the effects to transportation re-
sources would be similar to those described for Alternative 1 and would include a 
significant amount of increased vehicular traffic and a proportionate risk of traf-
fic accidents on existing roadways in the Project Area from daily travel of pro-
ject-related employees. 

Alternative 3 
Because fewer new wells would be drilled and fewer pads, roads, and pipelines 
would be constructed under Alternative 3, the number of average workers per 
day would be less than that under the Proposed Action. The direct effects to 
transportation resources from Alternative 3 would include a significant amount of 
increased vehicular traffic (more than 25 percent), and a proportionate risk of 
traffic accidents on existing roadways in the Project Area from daily travel of 
project-related employees. For Alternative 3, the estimated CBM and non-CBM 
employment for each year of the project for all project-related activities is pro-
vided in Tables 2–36 and 2–40. The estimated number of employees for the peak 
activity year (2007) was used to calculate the maximum number of additional 
project-related vehicle trips for short-term effects. Based on a cumulative total of 
1,237 workers for all activities, the average daily traffic would increase by 1,649 
additional vehicle trips, distributed over the various roads within the Project Area 
for the peak activity year for Alternative 3. The long-term increases in traffic 
would vary proportionately with the number of employees and activities required 
for each year of the project. 
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Cumulative Transportation Effects 
Direct effects to the primary access routes within the Project Area, including 
state, BLM, FS, and county roads, would occur as a result of project-related ve-
hicular traffic associated with implementation of any of the alternatives. The ad-
ditional traffic is expected to increase the rate of degradation of the existing pub-
lic roadways in the Project Area, primarily in the Upper Powder River and Upper 
Belle Fourche River sub-watersheds. 

Because the number of traffic accidents has increased on some county and state 
roads in areas of existing CBM development, an increased risk of traffic acci-
dents is likely in proportion to the amount of increased daily traffic for any of the 
alternatives. The cumulative transportation effects associated with additional ve-
hicle trips under implementation of Alternatives 1, 2A or 2B would be consid-
erably greater compared with Alternative 3. Additional traffic, risks of accidents, 
and indirect effects would be proportionate to the number of employees and ac-
tivities for each year of the project. Increased degradation of existing roadways 
may result from any of the alternatives. Based on the distribution of the tentative 
well locations for Alternatives 1, 2A, and 2B, wear and tear on roads would 
likely occur in all four counties, primarily in Johnson and Campbell Counties. 
Under implementation of Alternative 3, wear and tear on roads would likely oc-
cur primarily in Johnson, Sheridan, and Campbell Counties. 

The cumulative impacts to transportation resources also include the potential for 
overlapping restrictions and federal stipulations to affect the ability of the opera-
tors to obtain access to leases on private or state lands. Access for entry to state 
or private lands that are surrounded by federal lands is not likely to be limited by 
federal mitigation requirements for CBM development in the Project Area. 

Visual Resources 
Development of coal bed methane in the Project Area would alter the physical 
setting and visual quality of the landscape and would affect the landscape as ex-
perienced from sensitive viewpoints, including travel routes and popular use ar-
eas. The proposed facilities would introduce new elements into the landscape and 
would alter the existing form, line, color, and texture, which characterize the ex-
isting landscape. The landscape provides a scenic setting for recreational and 
residential uses of the area. 

Direct effects to visual resources occur as a result of the disturbance of the land-
scape by project activities and the addition to the landscape of proposed facilities, 
including the well pads, pumping units, compressors, and associated electric 
power lines, pipelines, and access roads. Direct effects can be short or long term. 

Short-term effects result from temporary disturbances to visual resources, includ-
ing construction and installation activities. Short-term effects to the visual char-
acter of the landscape can result from construction of small temporary pits on 
drill sites, well drilling, and construction of ancillary facilities, such as access 
roads, pipelines, power lines, CMFs, and compression stations. 
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Long-term effects result from the addition of permanent structures to the land-
scape and from operation of facilities. Long-term disturbance would result from 
the development of wells pads, CMFs, improved and two-track access roads, 
power lines, and compressor stations. Effects from long-term disturbance would 
occur over the expected 20-year life of the project. The largest effects would oc-
cur from the addition to the landscape of wells and the disturbances that result 
from the removal of vegetation on well pad areas and access roads. Each two-
track well access road would connect with local roads that provide access into the 
Project Area. All gathering lines, water lines, high-pressure gas lines, and under-
ground electrical cables would be located along road ROWs wherever feasible, 
and would likely result in visual effects that exceed the access roads alone. 

Alternative 1 

Construction Disturbance 
Short-term effects during the 10-year construction period to the visual character 
of the landscape at each well pad would result from well pad construction, well 
drilling, and associated construction of ancillary facilities, such as access roads, 
power lines, pipelines, and compressor stations. Construction and installation of 
pipelines would immediately follow construction of access roads and well pads 
and would coincide with completion of well drilling. Each access road to a well 
pad would connect with local roads that provide access in the Project Area. All 
gathering lines, water lines, high-pressure gas lines and power lines would be 
located adjacent to road ROWs. A summary of estimated short-term disturbance 
from each type of facility within each sub-watershed is provided in Chapter 2. 

The short-term disturbance associated with implementation of this alternative 
could disturb as many as 202,389 acres or 3 percent of the Project Area. Most of 
the disturbance would occur on federal, state, and private lands inventoried with 
VRM Class IV. Most of the disturbance would result from construction of pipe-
lines and roads. Temporary disturbances would not conflict with VRM objectives 
because for each well pad and associated access road and power line, construc-
tion disturbances would occur over a period of less than 2 years, after which they 
would be reclaimed back to long-term disturbances associated with operations 
and maintenance. VRM objectives address modifications to the landscape from 
long-term facilities. 

Drill site preparation, drilling, and well completion are generally short-term ef-
fects. Drilling would occur over a 10-year period throughout the Project Area. 
Drilling associated with individual wells would be short term, typically occurring 
24 hours per day for a 1- to 3-day period for each well. Drilling would occur at 
night, so that lighting on drill rigs would be visible from residences with a direct 
line-of-sight to well sites. During the construction period, these activities would 
detract from the visual quality of the landscape and could conflict with residential 
and recreational uses, because they would be visually and audibly intrusive to 
residents and visitors. However, construction would be spread over the 10-year 
construction phase. The visual intrusion of these activities would be site specific 
and would not affect viewers outside of the viewshed of each construction site in 
the Project Area. The effects to the existing landscape from drilling are site spe-



Chapter 4 — Environmental Consequences 

PRB O & G FEIS 4–304  

cific and would occur at specific locations for no more than 3 days per drill site 
throughout the 10-year drilling period. The total disturbance associated with con-
struction would not all occur at the same time within the overall 10-year con-
struction phase. Some sites would be reclaimed back to the long-term disturbance 
areas before construction at other sites. 

Drilling would be accomplished using drilling rigs, water trucks, backhoes, grad-
ers, or dozers and well servicing equipment. During a period of 1 to 3 days, these 
activities would detract from the visual quality of the landscape at each drill loca-
tion. Once each well is completed, all disturbed areas that are not needed for pro-
duction facilities would be restored. The mud pit would be dried and backfilled. 
These areas would be seeded as soon as practicable. 

In addition to the disturbances created by construction on the sites, traffic would 
be associated with moving equipment over public highways and local roads. 
Trucks would be used to transport drilling components, auxiliary components, 
and personnel to each well site. 

Construction would be evident to people using roads within the Project Area. 
Residents and visitors in the Project Area would be affected by the sight, dust, 
and noise of construction activities. In addition, the transport of equipment and 
materials to the Project Area would be evident to other travelers on local high-
ways that would be used to access well sites. 

Long-term Disturbance 
The Proposed Action would constitute a change in the visual character of the ex-
isting rural landscape that characterizes most of the Project Area. The addition of 
well sites and associated access roads and power lines would result in a mixed 
rural/industrial landscape. The components with the highest potential to ad-
versely affect the visual character of the area are the well pad clearings, pumping 
units, power lines, and access roads. Operation of the proposed facilities would 
introduce new elements of form, line, color, and texture into the landscape, and 
would essentially dominate foreground views and be obvious in middle ground 
and background views. 

Long-term effects over the life of the project would result from the addition of 
the wells to the landscape and the disturbance of land used for associated facili-
ties, such as power lines, water handling facilities, and compressor stations. The 
most visible components of the proposed facilities are expected to be the clear-
ings for well pads and access roads, wellhead facilities, CMFs, water handling 
facilities, and compressor stations within the Project Area. CBM development is 
expected to modify the visual character of the existing rural landscape in the af-
fected sub-watersheds where previously little or no oil and gas development had 
occurred. Proposed activities would not change the rural and industrial character 
of the landscape near Gillette and along segments of highways in the Project 
Area, which currently includes considerable modification from other oil and gas 
operations and from coal mining. 

Most existing oil and gas development occurs in the Little Powder, Upper Belle 
Fourche, and Upper Powder River sub-watersheds in the general vicinity of Gil-
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lette. The landscape in this portion of the Project Area is characterized by oil and 
gas development in 80- to 160-acre well spacing patterns. Additional CBM de-
velopment in these three sub-watersheds would increase the areal extent of the 
industrial components of the rural and industrial landscape. However, the overall 
landscape character in this area would remain similar to the existing landscape. 

After well productivity is established, production facilities would include a 
weatherproof box structure installed over the wellhead and a metal fence or rail 
that encircles the box and electrical panel to protect them from livestock. There 
would be no pump jacks or other facilities at the wellheads. The facilities would 
be painted in non-reflective colors that harmonize with the surrounding land-
scape. The well pads would be 0.1 to 0.3 acres in size, depending on the number 
of wells located on the pads. Production facilities would be visible primarily in 
the foreground distance zone of about 0.5 miles or less from any viewing area. In 
the foreground and middleground to background distance zones (or more that 
0.5 miles from a viewing area), the facilities would blend with the existing colors 
of the surrounding environment. The well pad clearings and access road distur-
bances would be visible in all zones as a result of contrasts in color and texture 
with the surrounding vegetation. The collocating of wells on a well pad mini-
mizes the overall effect to the landscape by reducing the number of well pad 
clearings required for production facilities. 

The largest effects would be to residential areas and isolated residences in the 
Upper Powder, Upper Belle Fourche, Clear Creek, Little Powder, Antelope, and 
Upper Tongue River sub-watersheds, particularly in those sub-watersheds in the 
general vicinity of Gillette. Several well pads that contain one or more wells 
would be adjacent to or within foreground distance zones of up to a mile from 
residences in some subdivisions located adjacent to Gillette municipal bounda-
ries. Visible features would consist of well production facilities, well pad clear-
ings, and access roads. Facilities would be most visible to travelers on affected 
highways during the time when they are within the line of sight as they travel 
toward the facility. 

Approximately 10,619 miles of two-track roads and 7,135 miles of improved 
roads would be constructed to access proposed facilities from highways and local 
roads in the Project Area. Two-track roads would be used to access CBM wells 
in many cases because the need to travel to CBM wells is limited. Two-track 
roads represent a visible disturbance on the ground surface; however, as no sur-
facing is required, the visible disturbance from a two-track road is considerably 
less than is required for improved access roads. Improved roads would be con-
structed for some areas in rugged terrain and for non-CBM operations. Improved 
roads require a greater area of disturbance per mile of road and provide a greater 
degree of contrast between the road and the surrounding vegetation than do two-
track roads. Access roads would be visible primarily in the foreground zones. 
The visual impact of each road can be lessened by aligning the road with the con-
tours of the topography instead of cutting across the contours to the well pad, 
particularly on slopes. However, this method of aligning the roads may result in a 
greater area of disturbance. All roads constructed for the project would be re-
moved and reclaimed, unless specifically requested by the landowner or county. 



Chapter 4 — Environmental Consequences 

PRB O & G FEIS 4–306  

The gas-gathering and water-gathering pipelines would be buried adjacent to ex-
isting and new road ROWs. The combined ROW of each road and pipeline 
would vary according to the type of pipeline installed. Installation of the pipeline 
would avoid trees, where practicable, and brush and woody vegetation would be 
left in place and driven over so that they are potentially capable of redeveloping a 
vegetative canopy. Reclamation would begin immediately after the pipeline is 
buried. There would be no long-term effects to the landscape once pipelines are 
installed and reclaimed. 

Aboveground electric distribution lines would connect wells and compressor sta-
tions with the existing transmission and distribution system within the Project 
Area. Electricity would be routed to facilities along the access roads or on addi-
tional ROWs (30 feet wide) across open land. Construction of power lines would 
occur after access roads are developed and would coincide within the end of well 
drilling. Power lines typically would be installed on 35-foot poles, which would 
be required every 300 feet. Approximately 5,311 miles of aboveground power 
lines would be installed in the Project Area. The pole structures would introduce 
straight, vertical lines and color contrasts. The effects from the introduction of 
these elements into the landscape can be noticeable if they are viewed from sen-
sitive viewpoints when structures are visible in scenic landscapes and when 
structures are skylined. 

Each compressor station would be lit at night with 250-watt, clear lights. Each 
light would be mounted on a pole or building and directed downward to illumi-
nate the facility while minimizing the amount of light projected outside the facil-
ity. This type of night lighting would minimize the night shine from each facility. 
However, the stations would be visible at night to residents in nearby residential 
areas, isolated residences, or travelers on highways and local roads. 

Produced water from CBM wells would be discharged by four methods: surface 
discharge at outfalls, containment in large upland evaporation reservoirs, spread 
on the land surface at LAD sites, or injected at an injection well facility site. The 
proposed water handling methods would disturb a total of 27,009 acres of surface 
land. Nearly 40 percent of the disturbance would occur from infiltration im-
poundments (37.1 percent). Water disposal at infiltration impoundments, con-
tainment reservoirs, or LADs would result in modifications to the surrounding 
landscape at the disposal sites. Surface discharge in some areas may cause a red 
surface staining where water is retained at the discharge point long enough for 
oxidation of iron to occur before discharge. The impact to the landscape would 
be limited in areas where these conditions would occur. 

Each infiltration impoundment would consist of a shallow impoundment that 
would encompass an average of 6 acres, with an average dam height of 15 feet. 
Impoundments would be located in upland and bottomland areas. A total of 
14,566 acres would be disturbed by infiltration impoundments, primarily in the 
Upper Powder River, Upper Cheyenne River, Crazy Woman Creek, and Upper 
Tongue River sub-watersheds. The majority of these areas are inventoried with 
VRM Class IV. The sites would have a low profile and would not be easily visi-
ble in the middleground and background zones from viewpoints at similar or 
lower elevations. The average 15-foot height of the dams would be the most visi-
ble feature of the impoundments, as the top of each dam would appear as a hori-
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zontal, linear form that would contrast with the natural terrain. Evaporation atom-
izers would be placed on towers that are likely not more than 40 feet in height, 
and would appear as a weak vertical contrast with the surrounding terrain. The 
spray from atomizers would be visible in foreground distance zones, but would 
be indistinct in middleground to background zones. Infiltration impoundments 
would be obvious in the foreground zone as seen from nearby roads and resi-
dences. Setting the impoundments back from roads, leaving a buffer zone of to-
pography and vegetation, would mitigate the visual intrusion. 

LAD sites would contain all water discharged over the life of 40 wells, affecting 
1,780 acres of land surface (6.6 percent of total acres disturbed by water handling 
methods) in the Project Area. Each LAD site would be made up of four 16-acre 
LAD areas. The LAD sites would be located in relatively flat terrain to minimize 
off-site drainage and earth moving. The sites would have a low profile and would 
not be easily visible in the middleground and background zones from viewpoints 
at similar or lower elevations. The evaporation atomizers placed on towers would 
constitute a weak linear visual intrusion. LAD sites would be obvious in the fore-
ground zone as seen from nearby roads and residences. Setting the LAD sites 
back from roads, leaving a buffer zone of topography and vegetation, can miti-
gate the visual intrusion. LAD sites would be located near containment reser-
voirs, which would provide temporary storage for those periods when the LAD 
site is not operational. In addition, the reservoirs would store water intended for 
LAD applications. The water disposed of at LAD sites is of a quality not suitable 
for surface discharge. Land application of this water would result in modifica-
tions to the existing vegetation, providing some contrast with existing vegetation. 

The proposed containment reservoirs would affect 2,247 acres. The average dis-
turbed area for each reservoir would be 100 acres. The disturbed area is com-
prised of the surface area of each reservoir, the dam, and diversion ditches. Res-
ervoirs would be constructed in upland areas, away from drainages, floodplains, 
and gravelly terraces. These areas are generally outside of the viewsheds of most 
transportation routes and communities in the Project Area. In general, the upland 
locations of reservoirs could result in additional disturbances from earth moving 
and extensive diversion ditches. LAD sites that would be located near reservoirs 
in upland areas would also require more earth moving than those located in flat-
ter terrain, resulting in greater disturbances to the character of the landscape. 

BLM Lands 
A total of 5,600 CBM wells distributed on 3,447 well pads are proposed for BLM 
surface ownership in the Project Area, accounting for 14.2 percent of the 39,367 
new CBM wells proposed for the Project Area. The BLM has inventoried all 
lands within the Project Area with the VRM system. However, only lands admin-
istered by the BLM are managed with VRM objectives. Although proposed CBM 
wells on state, private, and Forest Service lands are not managed for BLM’s 
VRM objectives, the inventory provides an assessment of the existing scenic 
quality and the ability of these lands to absorb effects to the landscape from de-
velopment. 

Table 4–67 summarizes all proposed CBM wells in the Project Area proposed for 
Alternative 1 by sub-watershed and VRM Class inventory. The disturbance acres  
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Table 4–67 Proposed Wells and Well Pads in VRM Classes by Sub-watershed in the Powder River Basin Project Area 

  Class II Class III Class IV Class V Total 
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Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Tongue River 160 54 103 352 193 441 2,077 892 2,060 0 0 0 2,589 1,139 2,603 
Middle Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 785 448 758 2,636 1,461 2,259 15,546 9,933 16,385 0 0 0 18,967 11,842 19,403 
South Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Salt Creek 0 0 0 0 0 0 37 37 378 0 0 0 37 37 378 
Crazy Woman Creek 0 0 0 411 397 870 2,509 1,501 3,082 0 0 0 2,920 1,898 3,952 
Clear Creek 192 185 246 898 539 1,015 2,663 1,860 2,870 0 0 0 3,753 2,584 4,132 
Middle Powder River 0 0 0 0 0 0 958 465 1,072 0 0 0 958 465 1,072 
Little Powder River 0 0 0 25 18 55 1,810 1,077 3,754 200 170 556 2,035 1,265 4,365 
Little Missouri River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Antelope Creek 0 0 0 91 83 746 1,553 1,368 12,673 0 0 0 1,644 1,451 13,420 
Dry Fork Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Cheyenne River 0 0 0 0 0 0 487 487 992 46 46 139 533 533 1,131 
Lightning Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Belle Fourche River 0 0 0 751 644 1,144 5,046 4,005 6,726 134 134 190 5,931 4,783 8,060 
Middle North Platte Casper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 1,137 687 1,107 5,164 3,335 6,532 32,686 0 49,992 380 350 885 39,367 25,997 58,516 
Note: Disturbance acres for well pads include the disturbance associated with ancillary facilities such as roads, compressors, and transmission lines. Totals may not match precisely with values obtained
by adding unit numbers or with distributions of pads and wells presented in Chapter 2 due to rounding conventions. 
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for well pads include the disturbance associated with ancillary facilities con-
nected to the pads, such as roads, pipelines, and power lines. Water handling fa-
cilities, such as LADs and containment reservoirs, may be located on BLM lands, 
but specific locations by VRM Class are unknown. 

There are 4,515 wells distributed on 2,854 well pads and 43 compressors pro-
posed for BLM lands managed with VRM Class IV objectives. Most of the re-
maining wells and compressors are located on private lands, and a small number 
are on state and Forest System lands. Lands inventoried with VRM Class IV ac-
count for most lands within the Project Area. Most CBM wells proposed for 
these lands are within the Upper Powder River sub-watershed. Class IV objec-
tives provide for major modification to the landscape and allow management ac-
tivities to dominate the landscape. Construction and operation of each well and 
the ancillary facilities would be consistent with VRM Class IV objectives. Con-
sequently, none of the disturbed acreage would be displaced from the existing 
BLM inventory of lands managed with VRM Class IV. The proposed facility 
developments would be consistent with management objectives. 

There are 766 wells distributed on 416 well pads and four compressor stations 
proposed for BLM lands managed with VRM Class III objectives. Class III lands 
in the Project Area are located primarily along major transportation routes and 
recreation areas. Class III objectives are to provide for management activities that 
may contrast with the basic landscape elements but remain subordinate to the 
existing landscape character. Implementation of this alternative along highways 
and in areas that are not currently developed with CBM wells would change the 
existing rural landscape to a rural and industrial landscape primarily because the 
40- to 80-acre spacing of the wells would result in a noticeable density of indus-
trial facilities. There is the potential that Class III objectives would not be met 
because the facilities would not be subordinate to the existing landscape charac-
ter. BLM objectives for some Class III facilities would be met if every attempt 
were made to minimize adverse visual effects through careful location of facili-
ties, minimal disturbance of the site, and painting facilities so they harmonize 
with the colors of the surrounding landscape. 

There are 316 wells on 175 well pads and three compressor stations proposed for 
BLM lands managed with VRM Class II objectives. None of these wells would 
be in the Class II lands in the western part of the Project Area, at the base of the 
Big Horn Mountain. All 316 wells would be within the Class II areas along por-
tions of Interstate 90 and State Highway 14. 

The VRM Class II objective is to retain the existing character of the landscape. 
The level of change to the characteristic landscape should be low and not attract 
the attention of the casual observer. Many of the CBM wells on BLM lands 
would be visible to travelers on Interstate 90 and State Highway 14. All of the 
wells proposed for these areas are within the foreground distance zone (up to 3 
miles) of the viewshed as seen from the highways. The Proposed Action would 
change the existing rural landscape to a rural and industrial landscape primarily 
because the 40- to 80-acre spacing of the wells would result in a noticeable den-
sity of industrial facilities. The Class II objectives would be met if mitigation 
measures were used to maintain the existing character of the landscape, and not 
attract the attention of the casual observer. Mitigation measures must repeat the 
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basic elements of form, line, color, and texture found in the natural features of 
the landscape within the foreground distance zone to achieve this objective. Suc-
cessful mitigation in the foreground distance zone would include locating facili-
ties to use the terrain and vegetation to screen them from the highways. If the 
mitigation measures would not enable facilities to meet Class II objectives, one 
of the following two options must be implemented to comply with BLM man-
agement objectives: (1) the facilities would be relocated to a site outside of the 
VRM Class II area on BLM lands; or (2) the BLM RMP would be amended to 
change the affected VRM Class II areas to VRM Class III areas. 

Three CBM wells on two well pads and no compressor stations are proposed for 
BLM lands inventoried with VRM Class V. The proposed facilities on BLM 
lands would be consistent with BLM management objectives for VRM Class V 
areas, which provide for areas where the natural character has been drastically 
altered. 

The Buffalo Field Office has developed a management decision to implement the 
management objective of maintaining or improving scenic values, visual quality, 
and establish visual resource management priorities in conjunction with other 
resource values. Visual resources are to be managed in accordance with objec-
tives for VRM classes that have been assigned to the planning area, which consti-
tutes most of the Project Area. No activity or occupancy is allowed within 200 
feet of the edge of state and federal highways. Facilities or structures such as 
power lines, oil wells, and storage tanks are required to be screened, painted, and 
designed to blend with the surrounding landscape except where safety indicates 
otherwise. Any facilities or structures proposed in or near WSAs would be de-
signed so as not to impair suitability as wilderness. 

BLM lands in the Fortification Creek WSA and the Fortification Creek SMA are 
inventoried with VRM Class III. An NSO for mineral development has been 
stipulated for the WSA. A CSU has been stipulated for the Fortification Creek 
SMA, which encompasses the WSA, to protect scenic values. Proposed facilities 
in the SMA must meet Class III objectives to protect scenic values. There is po-
tential that Class III objectives would not be met because the facilities would not 
be subordinate to the existing landscape character. BLM objectives for some 
Class III facilities would be met if every attempt were made to minimize adverse 
visual effects through careful location of facilities, minimal disturbance of the 
site, and painting facilities so they harmonize with the colors of the surrounding 
landscape. No facilities are proposed for the WSA because of the NSO. 

The Cantonment Reno and Weston Hills Recreation Area are inventoried with 
VRM Class IV. No project facilities are proposed for location within these two 
SMAs. Indirect effects to recreational uses of the SMAs would occur because 
landscapes outside of these areas would be modified by the addition of project 
facilities, which would affect the recreational experience of visitors to the SMAs. 
CBM wells proposed for lands adjacent to the Cantonment Reno and Weston Hill 
Recreation Area would be visible to viewers in the areas. BLM Class IV objec-
tives for the SMAs and adjacent lands would be met.Long-term visual effects 
would be minimized by designing permanent structures to harmonize with the 
surrounding landscape to the extent feasible, recontouring and revegetating dis-
turbed areas that are no longer needed for operations as soon as practicable, and 
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by reshaping straight edges of clearings resulting from roads, pipelines, well 
pads, and compression facilities to create irregular or indistinct edges. Construc-
tion debris would be removed immediately because it creates undesirable textural 
contrasts with the landscape. When they are installed on ridgelines, atomizers 
may be visible for 20 miles or more, depending on the weather conditions. In 
addition, resource protection measures proposed for erosion control, road con-
struction, rehabilitation and revegetation, and wildlife protection would be im-
plemented APDs and Sundry Notices are approved. These measures also would 
mitigate effects to visual quality. Visual resource protection measures would be 
implemented in cooperation with the surface owner for surface lands with split 
mineral estate. 

Forest Service (Thunder Basin National Grassland) 
There would be 369 wells distributed on 332 well pads proposed for federal lands 
administered by the Medicine Bow National Forest within the Thunder Basin 
National Grassland. Most of the federal lands on that portion of the TBNG that is 
within the Project Area are managed with the SIO of Low. A small portion of the 
TBNG within the Project Area is managed with the SIO of Moderate. The TBNG 
lands managed with Moderate SIO are along Antelope Creek or are in an area 
outside of the boundary of the coal. No wells are proposed for TBNG lands man-
aged with the SIO of Moderate. All of the proposed 369 wells are on TBNG 
lands managed with the Low SIO. 

Scenery management guidelines for the TBNG are to manage activities to be 
consistent with the SIOs and to rehabilitate areas that do not meet the SIOs speci-
fied for the management area. Visual management objectives for SIOs are asso-
ciated with desired landscape character for each management area and are based 
on the intent of the management area direction. Facilities are proposed for three 
of the seven management areas within the Project Area. Facilities are not man-
aged with goals for a desired condition for scenic values in Management Areas 
3.68 (Big Game Range) and 6.1 (Rangeland with Broad Resource Emphasis). 
The SIO for these areas is Low. Few facilities are proposed for these areas. The 
majority of wells and ancillary facilities are proposed for Management Area 8.4 
(Mineral Production and Development). The desired condition for landscapes in 
this management area is that facilities and landscape modifications can be visible, 
but are reasonably mitigated to blend and harmonize with natural features. 

State and Private Lands 
There are 2,620 wells distributed on 1,660 well pads and seven compressor sta-
tions proposed for state lands in the Project Area. Mineral leases administered by 
the Wyoming Office of State Lands and Investments do not include guidance on 
the management of visual or scenic resources on state-owned lands in the Project 
Area. According to rules and regulations of the Board of Land Commissioners, 
all related disturbances must be reclaimed to leave the land in as near as practica-
ble to the original condition before operations when operations are complete on 
state lands. 

Most of the proposed facilities would be located on private lands. There are 
30,778 wells (78.2 percent of total proposed wells) distributed on 20,558 well 
pads (79.1 percent of proposed well pads) and 183 compressor stations (75 per-
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cent of total number of compressor stations) proposed for private lands in the 
Project Area. The majority of effects to the landscape would occur on private 
land because most wells are located on private land and most of the land within 
the viewsheds of communities, rural residential areas, and transportation routes is 
private land. 

Counties 
The Sheridan County Growth Management Plan identifies the need for an inven-
tory of existing resources, including scenic resources, and use of this information 
in reviewing and evaluating proposed developments. Currently, no procedure or 
ordinance exists that provides for evaluation and review. 

The Comprehensive Planning Program jointly developed by the City of Gillette 
and Campbell County recommends that landscaping should be developed into the 
buffer zones where industrial areas are located adjacent to residential areas. 
There are numerous CBM wells proposed for lands adjacent to residential areas 
in subdivisions located outside of the Gillette municipal boundaries. 

Non-CBM Development 
The moderate level of conventional oil and gas development as evaluated under 
the BLM’s RFD scenario projects that 3,000 non-CBM wells will be drilled and 
completed within the Buffalo Field Office’s portion of the Project Area over the 
10-year period. Surface disturbances required for conventional wells are greater 
than are required for the new CBM wells, as described earlier in this section. 
Short-term surface disturbances for well pads and associated improved access 
roads range from 0.5 acres for shallow gas wells to 5.5 acres for a typical deep oil 
well. Long-term disturbances would encompass about 82 percent of the original 
disturbance. 

Non-CBM facilities consist of pump jacks, in contrast with CBM facilities, 
which consist of a wellhead contained in a metal box. The components with the 
highest potential to impair the character of the surrounding landscape are the well 
pad clearings, the improved access roads, and the pump jacks. Operation of the 
proposed facilities would introduce new elements of form, line, color, and texture 
into the landscape; would essentially dominate foreground views; and would be 
obvious in middleground and background views. Effects would be similar to 
CBM well facilities; however, each well pad and associated access road would 
disturb a larger number of acres. 

The alignment of individual pump jacks with respect to viewing areas, such as 
residential areas, individual residences, and transportation routes, should be re-
viewed during the pre-installation phase of well development. In general, each 
pump jack should be aligned parallel to a road unless it has been determined that 
this alignment is not feasible. Facilities would be the most visible to travelers on 
the road during the period when the facility is within the line of sight as they 
travel toward the facility. Aligning pump jacks parallel to roads would present 
travelers with a smaller surface area as the traveler approaches the facility. In 
addition, pump jacks with the lowest possible profile should be used when feasi-
ble. 
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Alternative 2 
Alternative 2 differs from Alternative 1 in the distribution of produced water 
among the methods for handling produced water and the compression of gas. Al-
ternative 2A emphasizes use of infiltration impoundments to dispose of produced 
water, while Alternative 2B emphasizes use of passive and active treatments. The 
number and distribution of CBM and non-CBM conventional wells is the same as 
were evaluated for Alternative 1. The impacts to the characteristic landscape 
from the development of CBM wells and the ancillary facilities other than facili-
ties for handling produced water are identical to Alternative 1. 

Alternative 2A or Alternative 2B would result in the disturbance of more surface 
acres (36,264 acres under Alternative 2A and 32,653 acres under Alternative 2B) 
than Alternatives 1 or 3. For both Alternatives 2A and 2B, the largest distur-
bances would occur from infiltration impoundments (23,799 acres under Alterna-
tive 2A and 16,694 acres under Alternative 2B). The operation of infiltration im-
poundments under Alternative 2A would affect 138 percent more surface land 
that impoundments proposed for Alternative 1. Alternative 2B would affect 67 
percent more surface land that Alternative 1. The impact to the visual quality of 
the landscape is substantially larger from Alternatives 2A or 2B than for the pro-
posed Alternative 1. The impoundments would be located outside of transporta-
tion corridor and residential area viewsheds and would primarily affect lands in-
ventoried with VRM Class IV. 

LAD sites would affect 4,337 acres of land in the Project Area under Alternative 
2A, an increase of 144 percent over the LAD sites proposed for the Proposed Ac-
tion. The containment reservoirs would affect 3,365 acres under Alternative 2A 
or 1,069 acres under Alternative 2B. Alternative 2A would be a decrease of 7.9 
percent from the Proposed Action, primarily within VRM Class IV areas. Alter-
native 2B would be a decrease of 35 percent from the Proposed Action. The in-
crease in LAD sites over the Proposed Action would result in larger areas of 
modified vegetation as described for the Proposed Action. Under Alternative 2B, 
LAD sites would affect 4,570 acres, an increase of 157 percent over Alternative 
1. The number of acres disturbed by containment reservoirs would not be sub-
stantially different from the Proposed Action and would result in a similar level 
of visual impact. The effects of injection wells and surface discharge to the land-
scape would be minor. The acreages that would be affected from these water-
handling methods proposed for Alternative 2A or Alternative 2B are considera-
bly greater than the total 27,009 acres that would be affected under the Proposed 
Action. 

Alternative 3 
Under the No Action alternative, there would be no CBM development on fed-
eral leases within the Project Area. Federal leases are located on private as well 
as federal lands. Development would continue on state and private leases. A total 
of 15,504 CBM wells would be developed on state and fee leases. The No Action 
alternative includes all of the effects to visual resources described for Alternative 
1, but differs from Alternative 1 in the number of wells to be developed, the acres 
of land to be disturbed temporarily or removed from existing uses during the life 
of the project, and the volume of water to be produced from CBM wells. The ef-
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fects to the characteristic landscape from the No Action alternative would con-
siderably less than are described for the Proposed Action because 15,504 CBM 
wells proposed for state and fee mineral leases is 39 percent of the total 39,367 
new CBM wells under the Proposed Action. Table 4–68 summarizes the long-
term disturbance by VRM Class for each sub-watershed. Although proposed 
CBM wells on state and fee lands are not managed for BLM’s VRM objectives, 
the inventory provides an assessment of the existing scenic quality and the ability 
of these lands to absorb effects to the landscape from development. 

Because fewer wells are proposed for the Project Area, a considerably smaller 
number of facilities also would be proposed for the distribution of produced wa-
ter under the No Action alternative. LAD sites would affect 808 acres of land in 
the Project Area, a decrease of 55 percent from the LAD sites proposed for the 
Alternative 1. The containment reservoirs would affect 1,690 acres, a decrease of 
67 percent from Alternative 1. The effects of injection wells and surface dis-
charge to the landscape would be minor. A total of 11,683 acres would be af-
fected from all water-handling methods proposed for this alternative, which is 
about 57 percent less than the total 27,009 acres that would be affected under the 
Alternative 1. 

Cumulative Effects 
The cumulative well development scenario is represented by the 39,367 CBM 
wells under the Proposed Action and 12,077 CBM wells already drilled or per-
mitted within the Project Area. The non-CBM cumulative scenario includes 
2,546 existing wells and 3,200 new wells. Tables 4–69, 4–70, and 4–71 summa-
rize the long-term disturbance by VRM Class for cumulative CBM, compressors, 
and non-CBM wells in each sub-watershed. 

The cumulative effect on the landscape would consist of existing, permitted, and 
proposed CBM development on federal, state, and private lands in the Project 
Area, and existing, proposed, and reasonably foreseeable coal mining in the Pro-
ject Area. The cumulative effect of all existing and proposed development would 
result in a larger number of disturbed acres from well pads and access roads that 
may be visible from transportation routes and recreation areas. Ongoing CBM 
development on federal, state, and private lands would increase the industrial 
character of those areas that include considerable modification from other oil and 
gas development and from coal mining, and change the visual character of the 
predominantly rural landscape in much of the Project Area to rural/industrial. 

A principal visual effect in the eastern part of the Project Area and near the city 
of Sheridan is the visibility of coal mine pits and facility areas. However, anyone 
likely to see these facilities would either be passing through the area or visiting 
on related business. After mining ends, the reclaimed slopes might appear some 
what smoother than pre-mining slopes and there would be fewer gullies than at 
present. Even so, the landscape of the reclaimed mines would look very much 
like undisturbed landscape in the area. Except from the air, energy development, 
including CBM, are not visible from more than a few miles away. 
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Table 4–68 Alternative 3 Wells and Well Pads in VRM Classes by Sub-Watershed in the Powder River Basin Project Area 

 Class II Class III Class IV Class V Total 
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Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Upper Tongue River 130 44 83 346 190 339 1,688 746 1,364 0 0 0 2,164 980 1,786 

Middle Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

North Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Upper Powder River 146 93 115 662 391 487 3,637 2,363 2,906 0 0 0 4,445 2,847 3,508 

South Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Salt Creek 0 0 0 0 0 0 19 19 160 0 0 0 19 19 160 

Crazy Woman Creek 0 0 0 183 183 296 766 455 768 0 0 0 949 638 1,065 

Clear Creek 120 114 152 839 505 704 1,543 1,126 1,537 0 0 0 2,502 1,745 2,393 

Middle Powder River 0 0 0 0 0 0 201 97 158 0 0 0 201 97 158 

Little Powder River 0 0 0 14 9 28 805 512 1,579 145 134 407 964 655 2,013 

Little Missouri River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Antelope Creek 0 0 0 40 32 288 564 495 4,453 0 0 0 604 527 4,742 

Dry Fork Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Upper Cheyenne River 0 0 0 0 0 0 232 232 276 24 24 29 256 256 305 

Lightning Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Upper Belle Fourche River 0 0 0 574 502 719 2,705 2,185 3,148 121 121 171 3,400 2,808 4,038 

Middle North Platte Casper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 396 251 350 2,658 1,812 2,861 12,160 8,230 16,350 290 279 607 15,504 10,572 20,167 
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Table 4–69 CBM Cumulative and Well Pads in VRM Classes by Sub-Watershed in the Powder River Basin Project Area 

 Class II Class III Class IV Class V Total 
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Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Tongue River 489 190 353 438 248 538 2,481 1,098 2,430 0 0 0 3,408 1,536 3,321 
Middle Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 966 581 919 2,825 1,623 2,453 17,984 11,892 18,737 0 0 0 21,775 14,096 22,109 
South Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Salt Creek 0 0 0 0 0 0 37 37 378 0 0 0 37 37 378 
Crazy Woman Creek 0 0 0 537 443 952 2,533 1,518 3,110 0 0 0 3,070 1,961 4,063 
Clear Creek 204 192 257 1,131 677 1,216 2,807 1,946 2,995 0 0 0 4,142 2,815 4,467 
Middle Powder River 0 0 0 0 0 0 1,685 903 1,766 0 0 0 1,685 903 1,766 
Little Powder River 0 0 0 38 31 95 3,374 2,175 7,123 437 360 1,136 3,849 2,566 8,353 
Little Missouri River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Antelope Creek 0 0 0 92 84 755 1,803 1,616 14,901 0 0 0 1,895 1,700 15,657 
Dry Fork Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Cheyenne River 0 0 0 0 0 0 871 861 1,438 63 62 158 934 923 1,596 
Lightning Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Belle Fourche River 0 0 0 1,259 1,134 1,841 9,160 7,745 12,063 171 170 241 10,590 9,049 14,145 
Middle North Platte Casper 0 0 0 0 0 0 6 6 54 0 0 0 6 6 54 
Total 1,659 963 1,529 6,320 4,240 7,849 42,741 29,797 64,995 671 592 1,535 51,391 35,592 75,908 
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Table 4–70 Non-CBM Cumulative and Well Pads in VRM Classes by Sub-Watershed in the Powder River Basin 
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Little Bighorn River 3 7 2 5 0 0 0 0 5 12 
Upper Tongue River 9 21 16 38 24 56 1 2 50 118 
Middle Fork Powder River 12 28 20 47 18 42 1 2 51 120 
North Fork Powder River 1 2 0 0 0 0 0 0 1 2 
Upper Powder River 17 40 88 207 780 1,833 0 0 885 2,080 
South Fork Powder River 0 0 0 0 29 68 0 0 29 68 
Salt Creek 0 0 0 0 71 167 0 0 71 167 
Crazy Woman Creek 0 0 3 7 13 31 0 0 16 38 
Clear Creek 3 7 7 16 18 42 0 0 28 66 
Middle Powder River 0 0 0 0 163 383 0 0 163 383 
Little Powder River 0 0 332 780 1,590 3,736 14 33 1,936 4,550 
Little Missouri River 0 0 0 0 109 256 0 0 109 256 
Antelope Creek 0 0 6 14 352 827 0 0 358 841 
Dry Fork Cheyenne River 0 0 6 14 154 362 0 0 160 376 
Upper Cheyenne River 0 0 0 0 111 261 19 45 130 306 
Lightning Creek 0 0 75 176 354 832 0 0 429 1,008 
Upper Belle Fourche River 42 99 208 489 973 2,287 56 132 1,279 3,006 
Middle North Platte Casper 0 0 0 0 46 108 0 0 46 108 
Total 87 204 763 1,793 4,805 11,292 91 214 5,746 13,503 
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Table 4–71 Proposed Compressors in VRM Classes by Sub-Watershed in the Powder River Basin Project Area 

 Class II Class III Class IV Class V Total 
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Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Tongue River 0 0 0 0 1 98 6 1 423 0 0 0 6 2 521 
Middle Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 7 0 198 12 2 424 97 33 4,142 0 0 0 116 35 4,764 
South Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Salt Creek 0 0 0 0 0 0 2 1 67 0 0 0 2 1 67 
Crazy Woman Creek 0 0 0 3 2 225 9 3 551 0 0 0 12 5 777 
Clear Creek 0 0 0 5 1 262 4 2 318 0 0 0 9 3 580 
Middle Powder River 0 0 0 0 0 0 3 1 316 0 0 0 3 1 316 
Little Powder River 0 0 0 0 0 0 5 3 421 1 0 39 6 3 460 
Little Missouri River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Antelope Creek 0 0 0 0 0 0 7 3 366 0 0 0 7 3 366 
Dry Fork Cheyenne River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Cheyenne River 0 0 0 0 0 0 2 2 412 1 0 84 3 2 496 
Lightning Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Belle Fourche River 0 0 0 4 1 221 16 5 947 0 0 0 20 6 1,168 
Middle North Platte Casper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 7 0 198 24 7 1,231 151 54 7,964 2 0 123 184 61 9,516 
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Recreational Resources 
The potential effect of the construction and operation of the proposed facilities on 
recreational resources is related to the amount of recreational opportunity that is 
created by the project versus the opportunity that is lost for recreational pursuits. 
Local residents value the federal lands for recreation because of the proximity 
and the relative solitude that can be achieved within a short distance from their 
homes. The recreational issue identified in the scoping process is the effects of 
the additional development of oil and gas resources on recreational opportunities 
and the recreational experience.  

Alternative 1 
The Proposed Action would be constructed and operated on federal, state, and 
private lands. The primary effect of the CBM development on recreational oppor-
tunities would be the alteration of the experience on federal and state lands used 
for hunting. To some degree, additional development of oil and gas resources 
would alter the existing recreational setting and experience. The Project Area is 
predominantly rural in character, with some industrial-type modifications from 
existing wells. 

Direct effects occur when recreational opportunities are enhanced, limited, or 
curtailed within an area; when recreational uses are created, displaced, or elimi-
nated by proposed CBM facilities; or if federal, state, or county objectives for 
recreation cannot be met. Effects to recreational resources occur if recreational 
facilities undergo substantial change or degradation. 

Direct effects to recreational uses in the Project Area would occur because addi-
tional wells would add new industrial features to the landscape and new sources 
of noise that could diminish the recreational experience and affect the rural ambi-
ence sought by recreationists. Construction and operation of the proposed facili-
ties also could affect recreation by changing access opportunities and by directly 
disrupting recreational activities. New roads would provide access for vehicles 
and promote an increase in human activity. Additional development could ad-
versely affect hunting, viewing of wildlife, and fishing. Development of certain 
facilities, such as reservoirs for impounding produced water, could enhance some 
wildlife-related recreational opportunities by providing areas for viewing wild-
life, hunting waterfowl, or public fishing. 

Indirect effects to recreation would occur if the project resulted in a change in the 
level of visitation to the area or would alter growth in the affected counties, 
thereby changing the use of existing recreational facilities and uses. No devel-
oped recreation sites would be directly affected by installation of the facilities 
proposed. However, visitation to these sites could temporarily increase during 
years of peak employment (2004 through 2011). Dispersed recreation such as 
hunting also may be affected on some public and private lands. The project is not 
expected to affect the level of visitation and population growth in the counties for 
most of the life of the project. It is anticipated that the existing workforce would 
be sufficient to provide adequate personnel for construction and operation of 
proposed CBM facilities for most of the life of the project; therefore, there would 
be minimal long-term growth in population from in-migration and minimal long-
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term increase in the demand for recreational opportunities. Peak employment 
would require up to 2,660 additional workers over the existing 2,943 workers. 
The majority of the workforce during peak employment would reside in the 
counties in the project area. It is anticipated that a small percentage of the peak 
workforce would come from outside the region. It is unknown, however, how 
many of these additional workers would be in-migrants, as discussed in the sec-
tion on Socioeconomic Impacts. 

The recreation and tourism industry in counties in the Project Area consists a va-
riety of businesses that are part of the Service sector, including wholesale and 
retail trade, transportation, and other services. In addition, tourism depends on 
other factors such as the health of the national economy, consumer confidence, 
the price of airfare, and gasoline prices. Currently, the detailed information 
needed to isolate and analyze recreation and tourism does not exist for counties 
or communities in the Project Area. Subsectors of the Services economic sector 
include lodging places and amusement and recreation services. These subsectors 
are indicators of trends in recreation and tourism, although they include dollars 
spent by residents of the counties as well as by tourists. Earnings in the Amuse-
ment and Recreation Services sector have fluctuated in the decade between 1990 
and 2000; however, the overall trend has remained steady, with earnings in the 
year 2000 slightly greater that 1990 earnings. Earnings in the lodging, amuse-
ment, and recreation sectors have not decreased as a result of increases in gas 
production, as shown in Figures 4–45, 4–46, and 4–47. Future earnings are likely 
to continue the trends shown for 1990 through 2000, as the increase is gas pro-
duction, including CBM development, has not apparently affected earnings in 
these sectors. 

Construction Disturbance 
Short-term effects to recreation within the Project Area would result from all 
phases of the construction process. Activities associated with installation of the 
CBM wells, including construction of roads, pipelines, power lines, and other 
ancillary facilities, would alter the use of affected roads for the duration of con-
struction. Construction can be expected to occur over a period of 10 years over 
the entire Project Area. It is anticipated that the annual construction period would 
be 7 days per week over the entire year, or 365 days, depending on weather and 
soil conditions. During this period, there would be disturbance to the existing 
landscape character, and noise and dust from construction. These activities could 
conflict with recreational uses because they would be visually and audibly appar-
ent to the recreational experience. The effects to the existing land uses from drill-
ing are site specific and would occur at specific locations for no more than 3 days 
per drill site throughout the 10-year drilling period. Some sites would be re-
claimed back to the permanent disturbance areas before construction began at 
other sites. 

In addition to the disturbances created by construction on the site, traffic would 
be associated with moving equipment over public highways and local roads. 
Traffic-related effects are evaluated in the section on Transportation. Access 
roads would be constructed to connect CBM facilities with highways and local 
roads. A total of 17,754 miles of improved roads and two-track roads would be 
constructed in the Project Area. Road construction is expected to average 1 day  
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Figure 4–45 Hotels and other Lodging Services: Earnings by County, 1990–2000 
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Figure 4–46 Amusement and Recreation Services: Earnings by County, 1990–2000 
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Figure 4–47 Gas Production in Campbell, Converse, Johnson, and Sheridan Counties, 1990–2000 
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per mile, or a total of approximately 17,754 days. Construction would occur over 
the 10-year period as required to access wells. Recreationists would encounter 
road construction over the entire year at specific locations within the Project 
Area. The loss of solitude and the natural experience would affect local users in 
the particular area of construction. 

Pipeline installation along existing road rights-of-way is likely to inconvenience 
recreationists who use the roads to gain access to recreation in the area. Construc-
tion would also limit recreational use of existing roads and trails, as well as de-
grade the visual quality of the recreational experience. The loss of solitude along 
these roads would continue through the construction period. Road access is likely 
to be restored to existing uses within a few days to a few months after construc-
tion or installation has been completed. The recreational opportunities for local 
residents in close proximity to the proposed activities would be altered during the 
construction period. 

Project construction would result in increased noise levels from heavy equipment 
in surrounding areas. Construction-related noise could reduce the quality of the 
recreational experience in general. However, construction-related increases 
would be short term and, with the exception of blasting, generally would be re-
stricted to the immediate vicinity of the work. Noise from blasting would be spo-
radic and of short duration. There are potential long-term increases in noise lev-
els from the operation of the compressors. 

The general season dates for big game hunting (all types of big game in all units) 
occur from late September and early October through late November. The hunt-
ing season would be affected by construction for the 10-year construction period, 
but only at specific locations where construction is scheduled. 

Permanent Disturbance 
Long-term effects to developed and dispersed recreational uses of the Project 
Area would occur as the displacement of acreage from existing uses by proposed 
CBM facilities. The primary effects would be an alteration of the recreational 
experience for residents and visitors to the Project Area. Recreation displaced by 
project facilities is likely to add use on adjacent federal and state lands. 

Dispersed Recreation 
Dispersed recreational opportunities in the affected counties include hunting, 
fishing, sightseeing, and camping. Dispersed recreation, with the exception of 
hunting, is not a primary use of most federal, state, or private lands that are 
within the coal boundary of the Project Area. There is expected to be little 
change in existing levels of dispersed recreational activities on federal and state 
lands in most of the sub-watersheds within the Project Area as a result of CBM 
development under the Proposed Action. Existing levels of recreation are ex-
pected to continue on these lands. Most of the proposed activity would occur in 
the Upper Powder River, Little Powder, and Upper Belle Fourche sub-
watersheds. 

Hunting is the principal recreational activity on federal, state, and private lands in 
the Project Area. The acreage removed from wildlife habitat by project facilities 
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under the Proposed Action is not likely to adversely affect hunting and fishing 
opportunities within the Project Area. Recreational hunting and fishing opportu-
nities, which are controlled by landowners on private lands, may increase locally 
within the Project Area. The increase may occur as populations of game animals 
and game fish rise locally during the life of the project, in response to increased 
availability of surface water and forage. However, increased access and human 
activity associated with CBM development may adversely affect wildlife popula-
tions that support various recreational activities. 

Big game populations in big game management units west of Interstate 25 and in 
other units outside of the coal boundary would not be affected by project activi-
ties. Units that would be affected contain portions of one or more sub-watersheds 
where CBM development is proposed. The largest effects to hunting would occur 
in the Upper Powder, Upper Belle Fourche, Little Powder, Clear Creek, Ante-
lope, and Crazy Woman Creek sub-watersheds because most CBM development 
would occur there. These sub-watersheds contain portions of 10 antelope game 
units (56 percent of total antelope game units in the Project Area), 10 deer game 
units (45 percent of total deer game units), and two elk game units (22 percent of 
total elk game units). Table 4–72 summarizes the number of participating hunt-
ers, total hunter days, and non-resident hunters for the big game management 
units that would be affected by the proposed CBM development in the Project 
Area. A total of 12,866 active hunters or nearly 47 percent of the total estimated 
27,491 active hunters in the Project Area could be affected by removal of wildlife 
habitat and intrusion of project-related noise, dust, and visual effects from the 
proposed CBM development in addition to positive effects related to increased 
access and the potential rise in game and fish populations. 

Table 4–72 Big Game Hunting in the Powder River Basin Project Area, 
2000 

Game Unit 
Active 
Hunters 

Total 
Harvest 

Hunter 
Success 
(percent) 

Hunter 
Days 

Non-Resident 
Hunters 

Percent 
Non-Resident 

Hunters 

Antelope 4,292 3,907 91.0 10,512 3,276 76.3 

Deer 8,347 5,158 61.8 27,695 4,449 53.3 

Elk 227 152 67.0 715 31 13.7 

Source: WGFD 2001 

 

The development of roads and well facilities would result in greater physical ac-
cess to the Project Area and potentially increase hunting pressures on wildlife. 
However, a majority of this access would not be available to the public because 
much of the surface within the Project Area is privately owned. 

Several streams and lakes in the Project Area are used for year-round fishing by 
local recreationists. All affected fishing areas are within sub-watersheds that 
would be developed with proposed CBM facilities. Effects to fish and their habi-
tats are evaluated in the section on Wildlife. 
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The operators have stated they would work with landowners in the Project Area 
to enhance the use of the good quality, discharged water. This practice may pro-
mote the impoundment of discharged water and use for wetlands and fisheries 
development. Given the potential quality of discharged water associated with the 
project in some sub-watersheds, it is reasonable to conclude that enhanced vege-
tation and increased availability of water probably would have some beneficial 
effects on fish and wildlife and their habitats and may enhance recreational op-
portunities in the immediate vicinity of any reservoirs created, which would con-
tinue until water production ceases. Water handling facilities would be con-
structed in sub-watersheds with low water quality for produced water to prevent 
potentially adverse effects on surface water and fish habitat. 

Produced water from CBM wells would be discharged by four methods: surface 
discharge at outfalls, containment in large upland evaporation reservoirs, spread 
on the land surface at LAD sites, or injected at an injection well. Effects to rec-
reation from the proposed 323 injection wells would be similar to CBM produc-
tion well facilities. About 27 LAD sites that occupy 1,728 acres would result in 
large areas of modified vegetation. Development of LAD sites could have an ad-
verse effect on wildlife and, consequently, hunting opportunities in the affected 
sub-watersheds because the modified vegetation may affect the quality of the 
wildlife habitats. There are 142 containment reservoirs occupying 19,880 acres 
proposed for upland areas. There is potential that infiltration and containment 
reservoirs would become animal traps. Construction requirements for these struc-
tures should include gentle slopes, revegetation, and walk-outs or access control 
to mitigate the impact to wildlife. Containment reservoirs would create opportu-
nities for some wildlife-related recreational opportunities by providing areas for 
viewing wildlife, hunting waterfowl, or public fishing. The recreational experi-
ence also would be affected by the visual impact of the proposed water handling 
facilities. 

Developed Recreation Areas and Recreation Sites 
No CBM facilities are proposed for developed recreational areas or recreational 
sites in the Project Area. Most of the developed recreational areas identified in 
Chapter 3 are located in the western part of the Project Area outside the boundary 
of the coal beds. Special management areas that are on federal lands administered 
by the BLM are discussed in the section evaluating effects to BLM management 
of federal lands in the Project Area. 

BLM Recreation Management 
Specific resources values are assigned under NSO mitigation guidelines to cer-
tain federal lands administered by the BLM in the Project Area that include de-
veloped recreational sites or recreational activities. Lands managed with NSO 
include Recreation Areas, such as campgrounds, historic trails, and national 
monuments, and special management areas, such as areas suitable for considera-
tion for wild and scenic rivers designation. 

The BLM administers federal lands in the Middle Fork Recreation Area, the Red 
Wall/Hole-in-the-Wall area, Outlaw Cave Recreation Site (or Cultural Area), 
Dull Knife Battlefield site, and the Gardner Mountain and North Fork Wilderness 
Study Areas. There would be no effects to recreational uses of these special man-
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agement areas because they are located 10 miles or more outside of the boundary 
of the coal beds in the Middle Fork Powder Watershed. With the exception of the 
Middle Fork Recreation Area, these areas have NSO leasing stipulations for min-
eral development. There would be no effects to the landscape within or near these 
areas. 

NSO has been stipulated for mineral development in the Fortification Creek 
WSA and the Cantonment Reno, located in the Upper Powder River sub-
watershed. No NSO has been stipulated, however, for the Weston Hills Recrea-
tion Area, located in the Little Powder sub-watershed north of Gillette. However, 
no project facilities are proposed for locations within the Recreation Area. Indi-
rect effects to recreational uses would occur as landscapes outside of the areas 
would be modified by the addition of project facilities and would affect the rec-
reational experience of visitors to these areas. CBM wells are proposed for lands 
adjacent to Fortification Creek WSA and Weston Hill Recreation Area and 
would be visible to viewers in the areas. 

Private and State Lands 
Recreation is not a significant use of most private lands in the Project Area. A 
limited amount of private acreage is accessed for hunting. Most developed rec-
reation on private lands is municipal facilities in Project Area communities. CBM 
facilities are proposed for private and state lands outside of and adjacent to Gil-
lette. Recreational facilities that are located on these lands include the Cam-Plex 
and the Cam-Plex Park. The Cam-Plex facilities occupy about 1,000 acres at the 
east side of Gillette and include a theater, a convention and exhibit hall, two large 
multi-purpose pavilions, rodeo grounds, RV campgrounds, a horse race track, a 
21-acre park, and a picnic area. Development of CBM facilities would not be 
compatible with public use of these facilities. 

Other recreational facilities located near the municipal boundaries and near pro-
posed facilities include the Dalby Memorial Park, the Country Club Golf Course, 
and the Bell Knob Golf Course. These facilities would experience indirect effects 
from the project because the recreational experience would be affected by the 
sight and noise of CBM construction and operation. No other recreational sites 
on private lands or within municipal boundaries would be affected by project 
activities. 

Developed recreational opportunities on state lands include big game hunting in 
the Amsden Creek Winter Game Refuge and the Bud Love Wildlife Habitat 
Management Area. Both areas are managed with NSO leasing stipulations and 
would not be affected by project activities. 

Alternative 2 
Alternative 2 differs from Alternative 1 in the distribution of produced water 
among the methods for handling produced water and the compression of gas. The 
numbers and distribution of CBM and non-CBM wells are the same as were 
evaluated for the Proposed Action. The effects to the developed and dispersed 
recreational uses from the development of CBM wells and the ancillary facilities 
other than for handling produced water are identical to the Proposed Action. 
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Under Alternative 2, there would be 76 LAD sites in the Project Area, an in-
crease of 181 percent over the LAD sites proposed for the Proposed Action. The 
proposed 117 containment reservoirs would be a decrease of 18 percent from the 
Proposed Action. The large increase in LAD sites over the Proposed Action 
would result in larger areas of modified vegetation as described for the Proposed 
Action. Development of additional LAD sites could have an adverse effect on 
wildlife and, consequently, hunting opportunities in the affected sub-watersheds 
because the modified vegetation would affect the quality of the wildlife habitat. 
The smaller number of containment reservoirs would reduce the opportunities for 
some wildlife-related recreational opportunities when compared with the Pro-
posed Action by providing areas for viewing wildlife, hunting waterfowl, or pub-
lic fishing. There would be a larger potential for adverse impact to recreational 
opportunities in the Project Area from Alternative 2. 

Alternative 3 
Under the No Action alternative, there would be no CBM development on fed-
eral leases within the Project Area. Federal leases are located on private as well 
as federal lands. Development would continue on state and private leases and 
would include access and pipelines across federal lands to reach proposed state 
and fee wells. There would be 15,504 CBM wells developed on state and private 
leases between 2002 and 2011. The No Action alternative includes all of the ef-
fects to recreational opportunities and the recreational experience described for 
the Proposed Action but differs from the Proposed Action in the number of wells 
to be developed, the acres of land to be disturbed temporarily or removed from 
existing uses during the life of the project, and the volume of water to be pro-
duced from CBM wells. The effects to recreation are expected to be considerably 
less than were described for the Proposed Action because a small number of fa-
cilities would be developed and a small number of acres would be removed from 
existing uses. Tables 2–29 through 2–32 summarize the facilities proposed for 
Alternative 3 and the short- and long-term disturbance for each sub-watershed. 

Under Alternative 3, there would be 13 LAD sites in the Project Area, a decrease 
of 52 percent from the LAD sites proposed for the Proposed Action. The pro-
posed 68 containment reservoirs would be a decrease of 52 percent from the Pro-
posed Action. The fewer LAD sites would result in smaller areas of modified 
vegetation than were described for the Proposed Action. There would be a lesser 
effect on wildlife than under the Proposed Action. The smaller number of con-
tainment reservoirs would reduce the opportunities for some wildlife-related rec-
reational opportunities relative to the opportunities that would result from the 
Proposed Action by providing areas for viewing wildlife, hunting waterfowl, or 
public fishing. There would be a lesser potential for adverse effects to recrea-
tional opportunities in the Project Area from Alternative 2 than would occur from 
the Proposed Action. 

Cumulative Effects 
The cumulative effect of the development of roads and well facilities would be 
improved vehicular access to the area. However, a majority of this access would 
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not be available to the public because much of the surface is privately owned and 
there are no recreational facilities. 

The cumulative acreage likely to be affected long-term by production facilities 
under the Proposed Action (approximately 91,650 acres) is not likely to have a 
cumulative effect on hunting and fishing opportunities. Recreational hunting and 
fishing opportunities, which are controlled by landowners on private lands, may 
increase locally within portions of the area, as populations of game animals and 
game fish rise locally during the life of the project in response to increased avail-
ability of surface water and forage. This small cumulative enhancement of rec-
reational opportunities in the immediate vicinity of any reservoirs created would 
be temporary and would last only as long as water production continues. Al-
though the project is not expected to affect the level of visitation or growth in the 
counties, recreational visitors may become accustomed to recreational experi-
ences near ponds or flowing water over the life of the project. Visitors would 
have to accept anticipated reductions in surface water when discharge of water 
ends. 

Cumulative effects from the increased human presence associated with the cumu-
lative energy development in the PRB are likely to cause increased levels of legal 
and illegal hunting. Conversely, the mines in the area have become refuges for 
big game animals during hunting seasons because most are closed to hunting. 

Secondary effects related to energy development on recreational land uses have 
and would continue to result from the growth in the human population. The de-
mand for outdoor recreational activities, including hunting and fishing, have in-
creased proportionately. However, at the same time these demands are increas-
ing, wildlife habitat and populations are being restricted by increased surface dis-
turbance. 

Demand for hunting licenses may increase to the point that a lower success in 
drawing specific licenses would occur; hunting and fishing may become less en-
joyable as a result of the more limited success and overcrowding; poaching may 
increase; the increase in people and traffic has and may continue to result in 
shooting of nongame species and road kills; and increased off-road activities 
have and would continue to result in disturbance of wildlife during sensitive win-
tering or reproductive periods. Travel management during hunting season, in-
cluding seasonal road closures to the public, could disperse hunters throughout 
the area, reduce hunting pressure in popular areas, and facilitate a more enjoyable 
experience for hunters. 

It is not anticipated that the Proposed Action and proposed CBM development on 
state and private lands would result in any increase in population because the 
proposed workforce would consist be hired locally. However, the overall popula-
tion of Project Area counties may increase as a result of future coal mine devel-
opment and expansion of existing mines. CBM fields may continue to be devel-
oped within the Project Area and may contribute to ongoing population growth. 
Any future growth may contribute increased visitor use of the developed facili-
ties. 
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Noise 
EPA has established a level of 55 dBA as a guideline for acceptable environ-
mental noise (EPA 1974). To substantiate this noise level as acceptable near a 
compressor station, the Federal Energy Regulatory Commission (FERC) has es-
tablished the same 55 dBA level as the criterion for the maximum noise that can 
be allowed from a new compressor station at sensitive receptors (residences, 
schools, medical facilities, and recreational areas). This noise level was defined 
by scientific consensus, was developed without concern for economic and tech-
nological feasibility, and contained a margin of safety to ensure its protective 
value of the public health and welfare. Furthermore, this noise level is directed at 
sensitive receptors where people would be exposed to an average noise level over 
a specific period. In this context, public health and welfare includes personal 
comfort and well being and the absence of mental anguish, disturbances, and an-
noyance as well as the absence of clinical symptoms such as hearing loss or de-
monstrable physiological injury. Therefore, a 55-dBA noise level should not be 
misconstrued as a regulatory rule, regulation, or goal. Rather, it should be recog-
nized as a level below which there is no reason to suspect that the public health 
and welfare of the general population would be at risk from any of the effects of 
noise identified. 

A noise level of 55 dBA can be compared with a common human experience. A 
noise level of 60 dBA is generated during normal conversation between two peo-
ple 5 feet apart. Therefore, normal conversion would mask the noise level of 55 
dBA from a CBM compressor at a sufficient distance from the compressor sta-
tion. 

No laws or regulations on acceptable noise limits have been established in Wyo-
ming. Therefore, lacking any quantitative noise guidelines, noise levels above 55 
dBA near CBM facilities at a residence, school, medical facility, or a special rec-
reation area are considered a noise impact. Since the State of Wyoming has not 
established laws or regulations on noise, the BLM cannot enforce any noise stan-
dards on private or state lands. Mitigation measures to reduce potential noise im-
pacts from compressor stations constructed on BLM land may be employed if 
significant noise issues are identified. 

As described on in Chapter 3 of the EIS, the anticipated noise level in rural areas 
is approximately 40 dBA during the day and 30 dBA during the night. These 
noise levels assume that these rural areas are distant from transportation corridors 
(highways and railroads) and populated areas and that the wind speed is very 
low. However, the wind speed within the PRB project area is generally high. A 
review of the climatology from the Casper Airport shows that the wind speed 
exceeds 8 miles per hour (mph) 80 percent of the time between the hours of 7:00 
a.m. to 10:00 p.m., and 67 percent of time from 10:00 p.m. to 7:00 a.m. Noise is 
not usually measured when the wind exceeds 8 mph because the noise produced 
by the wind is generally the dominant source. Therefore, the estimated existing 
noise levels are conservative and are most likely 5 to 10 dBA higher during nor-
mal windy conditions in Wyoming. 
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Construction Noise Impacts 
Noise impacts during the construction phase would be temporary at any location 
and would result from vehicles and the operation of construction equipment. 
Based on an average noise level of 85 dBA measured at 50 feet from a typical 
CBM construction site, the expected noise levels at would be 85 dBA at 50 feet, 
65 dBA at 100 feet, 59 dBA at 500 feet, 55 dBA at 1,500 feet, and 53 dBA at 
2,000 feet from the equipment. 

Levels of construction noise would fall below 55 dBA at approximately 
1,500 feet from construction. Any residences within 1,500 feet of construction 
would experience temporary noise levels above 55 dBA during daylight hours. 
Nighttime noise levels would remain at existing levels because construction 
would not occur at night. Noise from each construction site would be relatively 
short term, and the individual sites would be sufficiently widespread so that ele-
vated noise levels from each site would not overlap in time or space with other 
sites. 

Noise during the drilling phase would also be elevated above pre-existing levels. 
Typically, the noise from a drilling rig is 74 dBA at 200 feet from the rig (USGS 
1981). Noise emanating from drilling rigs would decrease to 60 dBA at 1,000 
feet, to 57 dBA at 1,500 feet, and to 54 dBA at 2,000 feet. Any residences within 
1,500 feet of a drilling rig would experience noise above 55 dBA for the 1 to 4 
days anticipated to drill the natural gas wells. 

Operational Noise Impacts 
The highest operational noise would occur around compressor stations. Under all 
alternatives, two types of compressor engines would be installed. Small booster 
compressor engines rated at 350 horsepower would be operated to gather natural 
gas from wells to the larger compressor stations. A maximum of six booster 
compressor engines could be operated at any location. At the larger compressor 
stations, large reciprocating engines rated at 1,650 horsepower would be installed 
to facilitate transmission of natural gas to high-pressure transmission pipelines. 
Typically, three or six of the larger engines would be installed at any location. 

Noise has been measured at typical compressor units (USGS 1981). A noise level 
of 77 dBA from one large compressor engine can be expected at 50 feet from a 
compressor building since all compressors would be installed in enclosed build-
ings because of the harsh Wyoming winter weather. Noise from the smaller 
booster compressor engines would be slightly lower or approximately 73 dBA at 
50 feet. 

The effect of multiple noise sources is not arithmetically additive, but rather is a 
logarithmic addition. The total effect of multiple collocated noise sources is char-
acterized by the following relationship (Harris 1991): 

L = 10 * LOG (10L1/10 + 10L2/10 + ........ + 10Ln/10) 

where: L1, L2, ..., Ln are the source sound levels of individual collocated 
sources. 
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  L is the overall noise level. 

  LOG is the common logarithm base 10. 

Therefore, the preceding equation is used to calculate the overall noise of six 
large compressor engines operating simultaneously with a source noise of 
77 dBA from each engine. The resultant overall source noise would be 84.8 dBA 
at 50 feet from the enclosure building. The overall noise from a compressor sta-
tion with three engines would be 81.8 dBA at 50 feet. For the smaller booster 
engines, the overall noise would be 80.8 dBA at 50 feet for six engines, and 77.8 
dBA at 50 feet for three engines. 

To calculate the noise impact at a distance from the compressor station, the noise 
levels were mathematically propagated using the Inverse Square Law of Noise 
Propagation (Harris 1991). Briefly, this formulation states that noise decreases by 
approximately 6 dBA with every doubling of the distance from the source. This 
methodology is an accurate assessment of noise propagation and is represented 
as: 

  L2 = L1 - 20 log (R2/R1) 

where:  

L2 = noise level at a selected distance R2 from the source 

L1 = noise level measured at a distance R1 from the source. 

The preceding equation was applied for the source noise for configurations of six 
engines at a compressor station for both types of compressors. Table 4–73 shows 
the noise level of the largest proposed PRB compressor station at selected dis-
tances from the compressor station. The table also compares the compressor 
noise to the realistic existing rural noise levels, considering the effects of the 
Wyoming wind. 

The absolute noise level from the largest reciprocating compressor station would 
be below 55 dBA; there is no reason to suspect that the public health and welfare 
of the general population would be at risk from any of the identified effects of 
noise at that level beyond 1,600 feet from the largest proposed PRB compressor 
station. EPA reported (EPA 1974) that changes in hearing levels of less than 5 
dB are generally not considered noticeable or significant. As long as these largest 
booster compressor stations would be constructed at least 1,600 feet from exist-
ing residences, no significant noise impacts would occur. However, noise from 
these booster compressor engines would be noticed — in other words, would be 
audible — at distances within 2,800 feet of the compressor station during the 
daytime and at 9,000 feet from the compressor station during the nighttime hours. 

Noise impacts from the largest booster compressor stations (six booster compres-
sor engines) are shown on Table 4–74. Generally, noise from booster compressor 
engines would be about 4.0 dBA lower than for the larger compressor engines. 

The absolute noise level from the largest booster compressor station would be 
below 55 dBA; there is no reason to suspect that the public health and welfare of 
the general population would be at risk from any at this level of the identified 
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effects of noise beyond 1,000 feet from the largest proposed PRB booster com-
pressor station. As long as these largest booster compressor stations would be 
constructed at least 1,000 feet from existing residences, no significant noise im-
pacts would occur. However, noise from these booster compressor engines would 
be noticed — in other words, would be audible — at distances within 1,800 from 
the compressor station during the daytime and 6,500 feet from the compressor 
station during the nighttime hours. 

 

Table 4–73 Predicted Noise Levels from the Largest Proposed PRB 
Compressor Station (Six 1,650 Horsepower Compressor 
Engines) 

Distance 
(feet) 

Noise from 6 large Engines 
at distance (dBA) 

Noise above Day Rural 
Background (45 dBA) 

Noise above Night Rural 
Background (35 dBA) 

200 72.8 27.8 37.8 
400 66.7 21.7 31.7 
600 63.2 18.2 28.2 
800 60.7 15.7 25.7 
1,000 58.8 13.8 23.8 
1,200 57.2 12.2 22.2 
1,400 55.9 10.9 20.9 
1,500 55.3 10.3 20.3 
1,600 54.7 9.7 19.7 
1,800 53.7 8.7 18.7 
2,000 52.8 7.8 17.8 
2,200 51.9 6.9 16.9 
2,400 51.2 6.2 16.2 
2,600 50.5 5.5 15.5 
2,800 49.8 4.8 14.8 
3,000 49.2 4.2 14.2 
3,500 47.9 2.9 12.9 
4,000 46.7 1.7 11.7 
4,500 45.7 0.7 10.7 
5,000 44.8 less 9.8 
5,500 44.0 less 9.0 
6,000 43.2 less 8.2 
6,500 42.5 less 7.5 
7,000 41.9 less 6.9 
7,500 41.3 less 6.3 
8,000 40.7 less 5.7 
8,500 40.2 less 5.2 
9,000 39.7 less 4.7 
9,500 39.2 less 4.2 
10,000 38.8 less 3.8 
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If temporary generators would be used in the PRB, the data supplied by Capstone 
Turbine Corporation indicate that the source noise from these units would be ap-
proximately 65 dBA at 33 feet from the generator. The noise at various distances 
from the units, shown on Table 4–75, would be below the significance level of 
55 dBA beyond 100 feet from these units. 

 

Table 4–74 Predicted Noise Levels from the Largest Proposed PRB 
Booster Compressor Station (Six 350 Horsepower Booster 
Compressor Engines) 

Distance 
(feet) 

Noise from 6 large Engines 
at distance (dBA) 

Noise above Day Rural 
Background (45 dBA) 

Noise above Night Rural 
Background (35 dBA) 

200 68.8 23.8 33.8 
400 62.7 17.7 27.7 
600 59.2 14.2 24.2 
800 56.7 11.7 21.7 
1,000 54.8 9.8 19.8 
1,200 53.2 8.2 18.2 
1,400 51.9 6.9 16.9 
1,500 51.3 6.3 16.3 
1,600 50.7 5.7 15.7 
1,800 49.7 4.7 14.7 
2,000 48.8 3.8 13.8 
2,200 47.9 2.9 12.9 
2,400 47.2 2.2 12.2 
2,600 46.5 1.5 11.5 
2,800 45.8 0.8 10.8 
3,000 45.2 0.2 10.2 
3,500 44.9 less 9.9 
4,000 43.7 less 8.7 
4,500 42.7 less 7.7 
5,000 41.8 less 6.8 
5,500 41.0 less 6.0 
6,000 40.2 less 5.2 
6,500 39.5 less 4.5 
7,000 38.9 less 3.9 
7,500 38.3 less 3.3 
8,000 37.7 less 2.7 
8,500 37.2 less 2.2 
9,000 36.7 less 1.7 
9,500 36.2 less 1.2 
10,000 35.8 less 0.8 
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Table 4–75 Predicted Noise Levels from PRB Temporary Generators 

Distance 
(feet) 

Noise 
(dBA) 

33 65 
100 55 
200 49 
400 43 
800 37 
 

Attenuation of noise by barriers is a complex process controlled by the location 
of the barrier between the noise source and the receptor, the height of the berm, 
and the resultant difference between the length of the direct sound path (no ob-
struction) from the source to the receptor and the sound path over the barrier 
(FHWA 1978). 

A noise barrier can achieve at least a 5 dBA noise level reduction when it is tall 
enough to just break the line of sight between the noise source and the receptor. 
An approximate 1.5 dBA reduction can generally be achieved with each 3.5 feet 
of height after it breaks the line of sight. The barrier should be placed on the 
property line facing the receptor and then extend along the adjacent boundary 
back toward the noise source to avoid undesirable effects of sound bending 
around the end of the barrier. If the barrier is not located along the facility 
boundary to avoid the phenomenon of sound bending around the edge of the bar-
rier, in general the barrier should extend four times as far in each direction as the 
distance from the receiver to the barrier. Therefore, the barrier should extend 
1,200 feet in each direction for a total barrier length of 2,400 feet to properly 
mitigate the noise from a CBM source to a receptor 300 feet away. A barrier 
along the CBM property boundary would therefore be approximately 400 feet 
long. Therefore, a barrier on the property boundary would be much more cost 
effective and just as functional as a distant barrier to mitigate noise. 

In the case of a wall or earthen berm constructed on the property line toward the 
direction of an existing residence 2,000 feet from a proposed compressor station 
with six engines, the unmitigated noise would be approximately 54 dBA, a barely 
acceptable environmental noise level. A barrier that would just break the line of 
sight between the compressor station and the residence would result in a noise 
level of 49 dBA at the residence. A barrier that extends 6 feet above the line of 
sight would result in a noise level of 46 dBA. 

Vegetation is believed by many people to be an effective noise barrier. However, 
studies (Bell 1982) have indicated that a dense stand of trees with a depth of 
more than 300 feet would be needed to effectively mitigate noise. Conversely, 
these studies have indicated that a dense stand of trees with a depth of 50 feet 
would afford no noise mitigation. Therefore, planting vegetation between a CBM 
noise source and a receptor is not recommended as effective mitigation because 
of the cost and the time required to grow dense stands of trees. 

Finally, compressor stations would have to be constructed further from grouse 
leks to ensure noise from the stations would be less than 49 dBA. 
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Socioeconomics 

Alternative 1 
Effects to the socioeconomic structure of Campbell, Converse, Johnson, and 
Sheridan Counties, including population, housing, and employment, that would 
result from drilling and constructing ancillary facilities, such as roads and pipe-
lines, are expected to occur over a 10-year period under the Proposed Action. 
The socioeconomic effects resulting from CBM production are expected to occur 
over the proposed life to the project, about 20 years. The number of CBM wells 
is provided in Table 4–76 and the number of non-CBM wells are provided in 
Table 4–77. Figure 4–48 illustrates the locations of CBM and non-CBM wells by 
mineral jurisdiction. 

Table 4–76 CBM Wells Proposed by Mineral Ownership 

County 
Number of Wells 
Drilled on Federal 

Number of Wells 
Drilled on State 

Number of Wells 
Drilled on Fee Total 

Campbell 13,443 963 6,894 21,300 
Converse 114 20 42 176 
Johnson 7,743 720 2,317 10,780 
Sheridan 2,563 841 3,707 7,111 
Total 23,863 2,544 12,960 39,367 

 

 

Table 4–77 Non-CBM Wells Proposed by Mineral Ownership 

County 
Number of Wells 
Drilled on Federal 

Number of Wells 
Drilled on State 

Number of Wells 
Drilled on Fee Total 

Campbell 1,578 177 922 2,677 
Converse 126 9 65 200 
Johnson 175 17 61 253 
Sheridan 19 7 44 70 
Total 1,898 210 1,092 3,200 
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Figure 4–48 Alternative 1 — Wells by Mineral Jurisdiction 

Most of the production is expected to occur in Campbell and Johnson Counties. 
For this reason, Campbell County and Johnson County are likely to be affected 
by fiscal and social effects. Sheridan County also would experience extensive 
effects, and the extent of effects in all three counties would be greater than in 
Converse County. Most of the new wells (63 percent) and facilities would be 
constructed in the two sub-watersheds: the Upper Powder River sub-watershed, 
which is within approximately one-third of Campbell County and two-thirds of 
Johnson County; and the Upper Belle Fourche sub-watershed, which is within 
Campbell County. Other sub-watersheds where relatively high numbers of wells 
and facilities would be located include: the north portion of Clear Creek and Up-
per Tongue River, which are within Sheridan County; Crazy Woman and the 
south portion of Clear Creek, which are within Johnson County; and Little Pow-
der, which falls in Campbell County. Most of the employees are likely to primar-
ily reside in Gillette and Wright, but employees also would live in Sheridan, Buf-
falo, and other smaller communities within the Project Area. 

Socioeconomic effects that would result from CBM development are a concern 
because considerable energy-related development has occurred in and around the 
affected counties during the past 30 years. Wyoming’s economy has been struc-
tured around the basic industries of extractive minerals, agriculture, tourism, tim-
ber, and manufacturing. Many communities in Wyoming depend on the mineral 
industry for much of their economic well being. The 1999 assessed valuation on 
all minerals produced in Campbell, Converse, Johnson, and Sheridan Counties 
accounted for 36.9 percent of the State of Wyoming’s total assessed valuation 
(WDR 2000). In the same year, assessed valuation on minerals produced in the 
state accounted for 32 percent of the state’s valuation (Powder River CBM In-
formation Council 2001). 
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Several forecasts have been developed for future supply and demand for natural 
gas in the PRB. The State of Wyoming’s Consensus Revenue Estimating Group 
(CREG) develops mineral price and production forecasts for major mineral 
commodities twice each year to estimate the state’s anticipated revenues. Ac-
cording to the CREG, natural gas price projections have been increased signifi-
cantly over the short term. The estimated price was increased from $2.85 per 
thousand cubic feet (mcf) to $3.50 per mcf for calendar year 2000, and from 
$2.50 per mcf to $4.50 per mcf for calendar year 2001. Calendar year 2002 esti-
mates were anticipated to increase from $2.25 per mcf to $3.00 per mcf. The 
long-term price estimate was held at $2.25 per mcf over the rest of the forecast 
period (2006). Between 2001 and 2002, gas prices dropped at the wellhead from 
$3.94 to $1.98 per mcf (EIA 2002a). 

Natural gas production estimates were anticipated to increase slightly by 50 mil-
lion mcf per year over the forecast period for the State of Wyoming. Estimates 
for production of coal bed methane were revised from 135 million mcf to 145 
million mcf for 2000 production, from 190 million mcf to 175 million mcf for 
2001, and from 250 million mcf to 225 million mcf for 2002 (Wyoming Division 
of Economic Analysis 2001). 

CBM production under the Proposed Action would be generated by the 12,024 
wells approved or constructed before 2002 and the 39,697 CBM wells drilled 
from 2002 through 2011. The revenue generated from the existing wells has al-
ready begun and are addressed in the analysis of cumulative effects. The assessed 
sales value from new CBM and new conventional wells are described below. 

This analysis used projections for gas production for 2002 to 2020. These prices 
range from $1.98 per mcf (2002) to $3.26 per mcf (2020) (EIA 2002a). Assum-
ing each CBM well produces 400 million mcf (DeBruin et al. 2001), each well 
would generate an estimated $792,000 to $1.3 million (constant 2001 dollars) 
total sales value. Using the projected gas prices, Alternative 1 is expected to con-
tribute an estimated sales value discounted at 10 percent of nearly $21.8 billion 
(constant 2001 dollars) over the life of the project to the local, state, regional, and 
national economies. 

Non-CBM (conventional oil and gas) under the Proposed Action would be gen-
erated by 3,200 conventional wells drilled by the end of 2011. The analysis as-
sumed the conventional wells produce 80 percent oil and 20 percent natural gas 
(Crockett 2001). In addition, for this analysis, a price of $21.22 to $23.19 per 
barrel of equivalent (BOE) over the life of the project was assumed (EIA 2002b). 
The assumed production rate of conventional wells, which average 137,500 BOE 
(Crocket 2001), for the 15-year productive life (BLM 2001b) was also used for 
this analysis. Using these estimates, over its productive life, each conventional 
well would generate an estimated $2.9 to $3.3 million (constant 2001 dollars) net 
present sales value. The total net present sales value of conventional wells would 
be approximately $1.5 billion (assuming a 50 percent success rate), of which $1.2 
billion would be from oil production, and $0.3 billion would be from natural gas 
over the life of the project. 

Overall, assuming a 100 percent success rate, CBM well development would 
contribute net present sales value discounted at 10 percent at nearly $21.8 billion 
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(constant 2001 dollars) over the life of the project to the state, regional, and na-
tional economies and assuming 50 percent success rate, non-CBM would con-
tribute net present sales value discounted at 10 percent of nearly $1.5 billion. The 
total sales value resulting from these success rates would be $32.7 billion in sales 
value. These values do not account for the sales value from the associated facili-
ties or equipment and supplies associated with the facilities for CBM and non-
CBM wells, which would contribute to an even higher sales value and thus in-
crease the tax revenue within the Project Area. 

Population 
Oil and gas operations play an important direct and indirect role in the local 
economy through jobs that are created in the community. Additional jobs result 
in additional personal income and improved and or additional community needs, 
such as schools, utilities, and transportation systems. 

The project is expected to result in significant short-term effects to local popula-
tions. Assuming the population directly corresponds to workers associated with 
the project, the population in the region would peak in 2007 and then gradually 
decrease. It is assumed that most existing full-time workers would be recruited 
from communities within the Project Area and that construction employment and 
contractors would be available in the region (Keanini 2001a). To the extent that 
additional non-local contractors or permanent employees are needed, they may 
relocate to the area for a limited period (2 to 5 years) during the major construc-
tion phase of the project (Keanini 2001b). Substantial CBM exploration and de-
velopment are currently ongoing in the counties. Up to 2,660 workers would be 
required during peak employment, in addition to the existing 2,943 workers in 
the region. Assuming each worker brings one person to the region, the population 
would increase by 5,320 in the peak year (2007), which would result in a 7 per-
cent incremental increase in population between 2000 and 2007 from the project. 
After 2007, the population associated with the project would be expected to 
gradually decrease. During the short term, this increase in population will be no-
ticeable in some communities and could result in hardships to the local govern-
ments, if adequate planning has or does not occur. However, in the long term, the 
project will not have significant long-term effects to local populations. 

Direct and Indirect Employment 
Implementation of the Proposed Action would have a substantial effect if it re-
sulted in a negative change in local economic conditions or wages, resulted in a 
short- or long-term reduction in employment, or created the potential for a 
boom/bust employment cycle. Development of the project would be completed in 
approximately 10 years from initiation. The overall production lifetime of the 
wells is expected to be in the range of 7 years. This estimate includes the 12,024 
CBM wells already permitted in the Project Area, in addition to the 39,367 CBM 
wells and 3,200 non-CBM wells proposed. Both direct project employment (for 
example, positions with one of the companies or contractors hired for construc-
tion, production, and decommissioning) and indirect or secondary employment 
(jobs that become available in support industries as a result of project activities, 
such as parts and materials production and equipment refueling) would arise as a 
result of the project. 
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Direct Employment 
Implementation of the project would create some additional employment oppor-
tunities in the Campbell, Converse, Johnson, and Sheridan Counties; however, it 
is anticipated that most of the jobs would be hired from the local labor force 
(Keanini 2001a). For the existing employment, the following is assumed: (1) 
willing workers will be available for employment from the current residents of 
the region to meet the CBM employment requirements; (2) workers will come 
from the existing oil and gas industry and already have the necessary education, 
skills, and training to fill the job positions involving the exploration, develop-
ment, construction, operation, and reclamation of CBM and non-CBM develop-
ment; and (3) a limited number of unsuccessful in-migrating job seekers would 
not have an appreciable impact on the region’s infrastructure. However, in addi-
tion to this base workforce, who already resides and works in the region, an in-
cremental increase in workers will be necessary between 2003 and 2011. Up to 
2,660 additional workers will be required for the project in the peak year (2007). 
These additional workers will either come from outside the region, or they cur-
rently live in the region, and will obtain the necessary education, skills and train-
ing to fill the job position for the project. 

Currently, most of the existing local labor force lives in Wyoming (Keanini 
2001a). Assuming that employees work in the same counties in which they live 
and assuming future employment would be similar to 2001 fourth quarter em-
ployment, it is estimated that up to 85 percent of these employees would live 
Campbell County, 6 percent would live in Converse, 5 percent would live in 
Johnson County and 4 percent would live in Sheridan County.  

As shown in Table 3–92, it is estimated that CBM workers occupied 2,943 CBM 
related jobs within the four-county region as of 2001. During the peak employ-
ment period (2007) up to 2,660 employees would be required to staff the Pro-
posed Action, which is an employee incremental increase of 90 percent. 

The following text identifies employment needs for non-CBM activity and addi-
tional facilities required. Non-CBM estimates are based on wells and roads pro-
jected; however, it is assumed that adequate workers required for non-CBM 
compressor, pipeline, and utility lines construction are accounted for in the CBM 
facility estimation. 

An increase in population between 2001 and 2002 likely occurred; however, the 
increase is not accommodated in this analysis because of the ever-changing 
demographic situation. As discussed in Chapter 3, the communities within the 
Project Area have been affected by the existing CBM development, some more 
than others. These effects will continue and may even be magnified, especially in 
communities such as Gillette, during years of peak activity. Population related 
impacts are only forecasts, based on limited oil and gas related information, and 
are not a certainty. 

Direct employment by each development phase is shown in Figure 4–49. Text 
following Figure 4–49 further explains direct employment for Alternative 1. 

In light of the long-term nature of the project, coupled with fluctuation in natural 
gas economics and the companies involved in the leases, developing exact pro-



Chapter 4 — Environmental Consequences 

 4–341 PRB O & G FEIS 

jections of employment is difficult. Therefore, the following paragraphs provide 
a reasonable estimate of what employment effects can likely be expected with 
project implementation. 

Construction and Installation  
The primary influx of employment opportunities associated with the project is 
expected to occur in the first 10 years of the project, during the development 
phase. During this phase, the primary activities would be well drilling and com-
pletion and construction of associated ancillary facilities (for example, access 
roads, pipelines, power lines, and compressor stations). As shown in Tables 2–16 
and 2–20, it is anticipated that these activities would require 506 workers during 
peak construction. After the initial 10-year development period, rigs would drill 
replacement wells for those depleted plugged and abandoned, or for isolated filed 
development. Non-CBM development would require 76 workers per year for the 
life of the construction phase of the project.  

 

Figure 4–49 Alternative 1 — Direct Employment from CBM Wells 

 

Employment opportunities are expected to be the greatest over the first 10 years 
(the construction phase) and then constant over the remaining life of the project. 
Employees and contractors would be hired or reassigned because, for the most 
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construct utility trenches, and install underground gas pipelines, water pipelines, 
and utility lines. Local contractor jobs would include gravel and water truck driv-
ers, heavy equipment operators, and pipeline workers, made up primarily of 
workers currently located within the Project Area. 

The proposed use of non-local construction workers for specialized construction 
(pipeline construction) would include about the same number of workers that 
have been used in recent years. Depending on the construction time frame, they 
would result in 46 to 97 additional workers. Because of the extent of the project, 
these temporary workers could be employed in the region for 5 to 10 years. It 
would be likely that most of these employees would rent or possibly buy homes 
within in the Project Area. In the event that these workers have families, they 
would likely relocate their families based on the extent of time that they would be 
working in the region. Assuming a mixture of single employees and employees 
with families, it is estimated that on average, each new specialized construction 
employee would bring one additional person to the region. Even if all of these 
specialized jobs (97 at peak construction in 2007) were filled by new an in mi-
grating population, the total construction related population (approximately 194 
persons) would be small compared with the total regional populations (79,385 in 
2000). Given that any new population would spread over both time and geo-
graphic area, no impact on demographics would be anticipated non-local special-
ized construction workers from this alternative. In the event that these workers 
would reside in the Project Area for about 6 months each year (May through No-
vember) during the construction season, it is assumed that the majority of these 
workers would reside in motels while they are working in the area and would not 
bring families with them. Many of these contractors would leave the Project Area 
once the construction and development phase of the project is finished. Given the 
number of short-term specialized workers and family members, the local motels 
and temporary housing facilities will support the influx of temporary residents. 

Necessary skills would include: pump and pipeline maintenance, compressor and 
electric motor maintenance, and production monitoring. Many of these positions 
would likely be filled by workers currently underemployed in service or trade 
sector jobs. Some jobs that require a higher or different level of expertise may be 
filled by non-local workers. 

Operation /Maintenance and Decommissioning 
Once the CBM wells have been installed, some level of sustained permanent em-
ployment (as described in Tables 2–16 and 2–20) would be related to mainte-
nance and operation of the fields over a 20-year period. Additionally, gradual 
reclamation of the inactive wells, and associated access roads would be an on 
going effort in the later years of the project. Fewer workers would be required to 
perform these functions. Approximately 2,116 CBM workers and approximately 
42 non-CBM workers would be required for the operation and maintenance 
phase during peak years. The majority of these workers would be pumpers. Im-
plementation of remote monitoring is anticipated to decrease the number of 
workers traditionally required for operation and maintenance. 

The final stage of the project life cycle involves the reclamation and abandon-
ment of facilities, which may also create 189 jobs for CBM and 23 jobs for non-
CBM wells during the peak reclamation year, when the various facilities would 
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be dismantled and removed or abandoned in place and surface areas are re-
claimed. 

As a result of the Proposed Action, at a minimum it is assumed that 2,660 em-
ployees would be required for the peak of activities for the project. It is assumed, 
that because of the revolving nature of CBM employment, almost 3,000 of these 
employees already live in the area and would be available for work (Keanini 
2001a). 

Indirect Employment 
In addition to the CBM and non-CBM related jobs to the local economy, during 
the life of the project purchases and expenditures made by project employees 
within and outside of the affected counties, which would in turn extend the length 
of time of secondary jobs for the life of the project. Assuming a multiplier of 2.4 
(BLM 1999c), 7,063 secondary jobs have been created as a result of the existing 
CBM development. Of these jobs, approximately 50 percent or 3,514 jobs have 
been created in the affected counties (BLM 2000). These jobs currently contrib-
ute personal income to the local economy and will continue to do so as a result of 
the Proposed Action. Assuming parallel secondary employment between the ex-
isting and project-related secondary jobs, during peak activity, up to 6,384 addi-
tional secondary jobs would be created, of which 3,192 would be created locally. 
However, because most of these jobs have been filled by employees living in the 
area, it is anticipated that few secondary jobs would be created, but may sustain 
for a longer period than was previously anticipated. Additional secondary em-
ployment will likely be filled by residents of the region who are currently unem-
ployed or by workers who move to the region. Since the vast majority of service 
and retail trade activity occurs in the Gillette, Wright, Buffalo, and Sheridan 
communities, it is assumed that most of these jobs would be created in these or 
nearby communities in Project Area. The other 50 percent or 3,192 additional 
non-local secondary jobs will also be sustained as a result of the Proposed Ac-
tion. Non-local secondary employment will likely result in spending within the 
Project Area and outside the region as a result of travel expenses. Non-local 
workers with specialized skills will likely relocate to the Project Area for the 2 to 
5 year construction time frame. These workers will likely spend personal income 
within the Project Area for the majority of the construction time frame. 

Wages 
The project also would contribute to the local economy by generating earnings 
that would be spent on items such as housing, food, goods, and services. In addi-
tion, economic benefits would occur as a result of the Companies spending on 
purchases of equipment and supplies from local area vendors. 

The wages and salaries paid to long-term project employees would contribute an 
estimated net present value of annual personal income to the local economy dis-
counted at 10 percent of $570 million (in constant, 2001 dollars), using an aver-
age annual income of $40,000 (Powder River CBM Information Council 2001). 
The average annual income would primarily be contributed to the affected coun-
ties. The annual net salaries for Alternative 1 are shown in Figure 4–50. The sec-
ond small peak is caused by an increase in reclamation. 
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Figure 4–50 Alternative 1 — Total Annual Salaries from CBM Wells 

 

As the life expectancy of the project nears completion, additional costs and ex-
penditures would occur as wells are plugged and decommissioned. Projections of 
these costs are unavailable at this time. Both expansion of existing businesses 
and creation of new business can be anticipated as a result of the increase in lon-
gevity of existing jobs. However, after the development phase of the project is 
completed, a reduction in employment in the service and trade sectors can be an-
ticipated. Some additional earning from indirect employment also can be ex-
pected, and these earnings would be spent in, and contribute to, the local econ-
omy. Once the development phase of the project is completed, indirect earnings 
from secondary employment would eventually be reduced. 
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tial source of revenues for local agencies through the collection of royalty taxes. 
If current estimates and plans are realized by each of the Companies involved in 
the project, it is assumed employment opportunities would occur primarily in the 
first 10 years of the project. Revenues may extend for as long as 20 to 30 years 
when project activities and gas production would slow or cease and so would the 
associated economic benefits. Some concern was expressed during scoping re-
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lated to the potential of project activities to create a boom/bust economic cycle 
similar to the experience in the area in the early 1980s. 

The potential for the project to result in a substantial economic boom/bust cycle 
is moderate. By adding wells to an area that may already be subject to slight 
boom/bust cycle, the project would likely extend the locally strong economy 
longer than previously anticipated. While this project would increase the impor-
tance of these sectors in the local economy, when compared with the overall 
economy these activities represent a relatively small share of the economy. Pro-
ject activities are expected to begin and end in a gradual fashion, and a major lay-
off or royalty reduction is not anticipated. Historically, the economies of counties 
with in the Project Area have been subject to the fluctuations associated with re-
source extraction and are probably less sensitive to this phenomenon than are 
other areas. In addition, there are a number of other ongoing economic activities 
and concerted efforts by local authorities to diversify the local economy. These 
factors all lead to the conclusion that while the conclusion of project activities 
would create a gap in employment and the economy, it is not expected that this 
gap would equate to the overall collapse of the region or a significant localized 
depression cycle. Although there is a risk for the oil and gas industry and poten-
tial for some risk to the local economies, there would be minimal risk to the 
overall economy of the Project Area. 

Housing 
To the extent that employment created by the project results in a concentrated 
demand or shortage for housing, either short- or long-term, the effect of the Pro-
posed Action would be considered significant. Effects would be measured on 
both a local and regional level. If transient housing, for example, man camps or 
motel rooms, would be required for short-term accommodations for construction 
or other laborers that are currently not available, the effect is deemed significant. 

Minor changes in employment or population are anticipated as a direct result of 
implementation of the Proposed Action. The increase in population would be 
gradual and small (7 percent at peak activity) relative to the total population. Be-
cause most employees are expected to be hired locally, the demand for additional 
temporary or permanent housing within the near the Project Area likely may be 
met with the existing housing supply, depending on the vacancy rates during the 
period of operations. The majority of available and proposed housing units in the 
Project Area are located in the communities of Gillette, Wright, Sheridan, and 
Buffalo, and it is anticipated that the majority of employees would live in Camp-
bell County. 

However, during years of peak activities (2003 to 2011), the local communities 
have the potential to lack adequate housing. Several housing developments are 
being considered in the Project Area that could increase the supply of available 
housing. Assuming these housing developments are approved in a timely manner, 
the number of new residents associated with the Proposed Action would not ad-
versely affect the local housing market. However, if these housing developments 
are not constructed by 2004, the workers for the project will exceed the supply of 
housing in portions of the Project Area. If these housing developments are not 
constructed at all, the housing and rental vacancy rates would continue to narrow, 
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and the Proposed Project would aggravate the housing situation in some portions 
of the Project Area. Based on the existing housing and vacancy rates in Sheridan, 
Johnson and Campbell Counties, these counties would be affected the most as a 
result of additional employees needing housing. 

Community Facilities and Services 

Roads, Water and Wastewater Systems, and Solid Waste Disposal 
Access to portions of the Project Area from state and federal highways would 
require the use of certain county roads. Project activities could result in increased 
traffic and use of roads, including additional wear and tear from heavy vehicles. 
The increased use of county roads may increase maintenance costs to county spe-
cial districts. Both paved and non-paved roads may be affected. The project’s 
effects on roads are described in the Transportation section of Chapter 4 starting 
on page 4–298. 

Water would be required for construction and operation of the project. Total wa-
ter requirements would equal 6,963 acre-feet/year. The Companies would pur-
chase water locally from a variety of sources, resulting in minor shifts in water 
consumption from existing uses to this project. 

Because only a small and gradual population increase and subsequent housing 
demand is expected with project implementation, a significant effect on provision 
of domestic water service (in terms of supply and conveyance systems) is not 
expected. In addition, neither the project itself nor subsequent development re-
sulting from project employment (if any) is expected to have any effect on local 
wastewater facilities. Certain wastes would be disposed of on site or recycled and 
other waste products would be disposed of at the local landfill. It is not antici-
pated that addition of this waste stream would substantially affect the local land-
fills or their capacities. 

Public Schools, Law Enforcement, Fire Protection, and Medical 
Facilities 
Public schools in the region are not anticipated to experience significant in-
creases in student enrollment as a result of the project. Based on the limited 
population increases expected and the long-term time frame associated with the 
project, public schools are not anticipated to experience potential effects of sub-
stantial growth resulting from the project. If current plans change, resulting in a 
significant number of project workers who are recruited from outside the local 
area who bring school-aged children with them, existing overcrowded conditions 
may be exacerbated. 

Law enforcement, fire protection, and medical services are not expected to ex-
perience substantial effects as a result of project implementation because the 
long-term growth in population is expected to be consistent with typical growth 
rates. However, additional law enforcement, fire protection, and medical services 
may be required during years of peak activity. 
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Public Finance 
The project would be considered to have a significant effect on public finance if 
the fiscal conditions of local governments were affected in such a way that reve-
nues would not adequately provide public facilities and services at established 
levels. 

Implementation of the Proposed Action would result in some level of both costs 
and benefits for the counties in the Project Area. Regarding financial costs, the 
primary project-related impact is related to the use of county roads. Revenues 
used by these counties are generated through federal mineral lease royalties, state 
payments in lieu of taxes, and interest earned on unanticipated funds. Additional 
project-related costs to the counties may arise from administrative services. Ex-
amples of these costs include mapping, naming, and signing of new roads devel-
oped in the Project Area for emergency access, as well as other staff and admin-
istrative costs. 

The analysis is based on the net present value of discounted cash flow for reve-
nue, royalties, state, and local taxes. For the purpose of this analysis, the discount 
rate assumed is 10 percent. This analysis does not reflect deductions from reve-
nues such as taxes, royalties, transportation costs, nor does it assess the revenue 
generated from other Project related infrastructure. These revenue sources dis-
cussed are some of the major revenue streams but are not all encompassing of all 
revenue streams to the governments as a result of the project. A summary of the 
revenues, royalties, state, and local taxes generated from CBM and non-CBM 
wells in Alternative 1 are shown in Figure 4–51 and Figure 4–52. The text fol-
lowing the graphs serves as an explanation for the public finance revenues. 

 

Figure 4–51 Alternative 1 — Net Present Value of Taxes and Royalties 
from CBM Wells 
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Mineral Royalties 
The Mineral Management Service, U.S. Department of the Interior, collects min-
eral lease royalties, for gas produced by wells completed on federal lands. Fed-
eral royalties would be paid for each well producing from federally owned oil 
and gas mineral estate. After administrative costs are deducted, half of the royal-
ties would be retained by the federal government and used for the General Fund 
and various other funds. The remaining half would be distributed to the State of 
Wyoming and used for schools, roads, and other public works. For this analysis, 
royalties are estimated as percentage of the total project yield for each well mul-
tiplied by the market price for the product. 

Figure 4–52 Alternative 1 — Net Present Value of Taxes and Royalties 
from Non-CBM Wells 

It is estimated that about 39,367 CBM wells and 3,200 conventional wells would 
be completed on federal, state and fee (private) minerals in the Project Area 
through the end of the estimated project life. Substantial revenues would be gen-
erated through these mineral royalty payments. For this analysis, all federal reve-
nues are assumed to be a result of mineral royalties. It is assumed that revenue 
from leases and lease bonuses are not a part of this analysis. 

Federal Royalties  
For this analysis, federal royalties as a result of CBM activity have been esti-
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39,367 CBM wells, up to 23,860 are expected to be CBM wells with federal 
minerals. The project is expected to generate estimated federal royalties of $1.6 
billion (in constant 2001 dollars) from CBM wells over the life of the project. 
One-half of this total would be distributed to the federal government, and the re-
maining half would go the State of Wyoming based on equivalent royalty rate. 

Of the 3,200 conventional oil and gas wells, up to 1,888 are expected to be fed-
eral wells. Assuming 50 percent success, the project is expected to generate fed-
eral royalties of an estimated $105 million (in constant 2001 dollars) from con-
ventional wells over the life of the project. Half of this total would be distributed 
to the federal government and the remaining half would go the State of Wyo-
ming. 
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Overall, the Proposed Action would result in approximately $1.7 billion in fed-
eral royalties. 

State Royalties  
State royalties would be paid for each well producing from state-owned oil and 
gas mineral estate. State surface does not always correlate with state minerals; 
however, for this analysis, data on state minerals were calculated using state sur-
face with non-federal minerals based on the lack of available data on state min-
eral ownership for the entire Project Area. Using this assumption, there are 2,547 
CBM wells on state minerals. For this analysis, State of Wyoming royalties have 
been estimated using 16.67 percent of the estimated sales volume for each well. 
The project is expected to generate $234 million (in constant 2001 dollars) in 
state royalties over the life of the project. State royalties are deposited in the 
permanent fund and are used for schools and public institutions. 

Using the assumptions above for state minerals, there are 214 conventional wells 
on state minerals. For this analysis, State of Wyoming royalties have been esti-
mated using 16.67 percent of the estimated sales volume for each well. Assuming 
a 50 percent success rate, the project is expected to generate $17.7 million (in 
constant 2001 dollars) in state royalties from non-CBM over the life of the pro-
ject. State royalties are deposited in the permanent fund and used for schools and 
public institutions. 

Overall, the Proposed Action would result in approximately $252 million in state 
royalties. 

Fee Royalties as a result of CBM and Conventional Well Development 
Fee royalties would be paid in royalty owners of each well producing from the 
privately owned mineral estate. The amounts paid as fee royalties are not avail-
able to BLM. State and county governments do not receive royalties generated 
from the private mineral lands, but collect severance and ad valorem taxes, and 
sales and uses taxes. 

Sales and Use Tax Revenues 
The Proposed Action would contribute to revenues of the State of Wyoming and 
its counties through sales and use taxes from the purchase and use of tangible 
goods. The State of Wyoming collects a 4 percent sales and use tax for each well, 
and the counties each collect 1 percent per well, for a total and use tax of 5 per-
cent (BLM 1999c). State taxes are retained by the state and are partially disturbed 
to county and municipal governments. County sales and use taxes are distrusted 
primarily to the counties that impose the tax. 

Sales and use taxes for oil and gas operations are applied to the following catego-
ries of tangible goods and services that are purchased or used during the CBM 
development: (1) coring or sampling; (2) well logging; (3) formation testing; (4) 
plugging and abandonment: (5) production casing: and (6) well completion. Gen-
erally, those services directly related to drilling are not taxable. Well mainte-
nance and repair services are taxable. Purchases of separate lines, tanks, and 
other units used in the collecting, processing, or transporting oil and gas are tax-
able.  
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The taxable value per CBM well is estimated to be $36,000. This figure was cal-
culated by applying an estimated factor of 60 percent (taxable goods and ser-
vices) to a total drilling and completion CBM well cost of $60,000 (Western 
2001). There would be 39,367 CBM wells, resulting in $71.8 million in taxable 
drilling costs. For this analysis, non-CBM wells would be assumed to have simi-
lar sales and tax revenue per well, which would contribute an addition $5.6 mil-
lion in taxable drilling costs. All of these expenditures are subject to sales reve-
nue and tax, totaling $77.4 million paid to the state and the counties over the pe-
riod that taxable goods and services are purchased (life of the project).  

Additional sales tax revenues also would be generated from the cost of the other 
water handling facilities. The sales tax over the life of the project from water 
handling is shown in Table 4–78. Because sales taxes are based on tangible 
goods and the design of the water handling methods remain on a conceptual 
level, tangible goods were based on estimates and assumptions. These costs are 
incomplete and are presented only to be used as a comparative analysis. The total 
sales tax revenue generated from water handling of this alternative is estimated to 
be $47 million for the life of the project. Capital costs of containment reservoirs 
vary depending on design and the materials utilized to construct the structures. 
Clay liners would be most economical and would be used when possible. If clay 
is not within a 20-mile round trip of the proposed location, a plastic geo-liner 
would prove more economical. 

Overall, CBM and non-CBM activity in the Proposed Action would result in ap-
proximately $124 million in sales tax returned to the state and counties, over the 
life of the project. 

Table 4–78 Water Handling Sale Tax Revenue 

Type of water handing facility 

Sales tax generated from 
water handling facility 

(millions)2 
Surface discharge — Untreated  $23.2 

Surface discharge — Active Treatment  0.0 

Surface discharge — Passive Treatment  1.3 

Infiltration  $15.2 

Containment1  $2.8 

LAD  $0.8 

Injection  $3.8 

Total  $47.2 
Note: 
1.  Operation and maintenance unknown and therefore not included. 
Source: CBM Operators Information Survey Results Report, 2001; Williams, 2001; and 
Kolin 2002. 
2.  Not calculated using net present value. 
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For CBM wells, severance taxes on fee wells are calculated at a 6 percent rate for 
the State of Wyoming. The 39,367 wells would generate $1.3 billion in severance 
tax over the life of the project paid to the State of Wyoming. Assuming a 50 per-
cent success rate, the 3,200 non-CBM wells will generate $91 million in sever-
ance tax over the life of the project paid to the State of Wyoming  

Over all, CBM and non-CBM wells in the Proposed Action would result in ap-
proximately $1.4 billion in severance tax distributed to the State of Wyoming. 

Local Ad Valorem Tax Revenue 
Additional project revenues would be generated throughout the collection of an 
ad valorem or property tax levied on improvements constructed by the Compa-
nies. Since this tax assessment is based on value added to property, revenues 
would increase based upon the number and location of wells. No estimate of the 
assessment of improvements associated with well development were available, 
however, assessed value would be determined as a percentage of the actual cost 
of the facilities (BLM 1998). Theoretically, revenues would gradually increase 
over the first 10 years in all four counties, provided a steady revenue stream for a 
period of years, and then decline as facilities are dismantled and reclaimed. 
Counties are often in a position to provide the necessary infrastructure and per-
sonnel associated with the development prior to receiving revenue from this 
stream due to a lag time that can last up to 18 months. As a result of the current 
tax system, it is imperative that these governments carefully work with industry, 
the state and federal government to economically and socially plan for potential 
development related effects. Figure 4–53 shows the local ad valorem tax revenue 
by county jurisdiction. These projections are subject to the number, locations, 
and life span of facilities and gas production. 

County ad valorem tax rates for Campbell, Converse, Johnson, and Sheridan 
Counties vary slightly. In Campbell and Converse Counties, the tax rate is 
6.3 percent and in Johnson and Sheridan Counties the tax rate is 6.8 percent 
(BLM 2001). As shown in Table 4–79, Campbell County is estimated to receive 
$821 million (in constant 2001 dollars) in ad valorem taxes from CBM and non-
CBM wells, the highest of the four counties in the Project Area. Johnson County 
is estimated to receive $413 million in ad valorem taxes from CBM and non-
CBM wells, the second highest amount of the four counties in the Project Area. 
Sheridan County is estimated to receive $269 million in ad valorem taxes form 
CBM and non-CBM wells and Converse County is estimated to receive $12 mil-
lion in ad valorem taxes form CBM and non-CBM wells. 

Over all, CBM and non-CBM wells in the Proposed Action would result in ap-
proximately $1.5 billion in ad valorem taxes for the four counties within the Pro-
ject Area the county governments use to fund vital programs such as public 
schools, hospitals, libraries, and special districts, including conservation districts 
(Powder River CBM Information Council 2001). 
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Figure 4–53 Alternative 1 — Ad Valorem Taxes by County 

 

 

Table 4–79 Ad Valorem Taxes by County 

Source and 
Location 

Wells 
Proposed1 

Ad Valorem Rate 
(percent) 

Sales Value of the 
Well (dollars) 

Net Ad Valorem 
(dollars)2 

CBM   792-1.3 million  
Campbell 21,300 6.3  741 million 
Converse 176 6.3  10 million 
Johnson 10,780 6.8  405 million 
Sheridan 7,111 6.8  267 million 
Total    1.4 billion 
Non-CBM   2.9 – 3.3 million  
Campbell 1,339 6.3  30 million 
Converse 100 6.3  6 million 
Johnson 126 6.8  8 million 
Sheridan 35 6.8  2.2 million 
Total    96 million 
Grand Total    1.5 billion 
Note: 
1.  Assumes 50 percent success rate. 
2.  Net present value of ad valorem tax discounted at 10 percent. 
Source: BLM 2001c 
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Based on these assumptions, it is estimated that revenues from sales and use tax, 
severance tax, and ad valorem tax generated over the life of the project would be 
$3.0 billion ($1.5 billion ad valorem, $1.4 billion severance, and $124 million 
sales tax), which would represent a significant impact to the state and local 
economies. 

Quality of Life 
Project-related changes in existing ways of life that cause community discontent 
sufficient to raise conflict and organized response or opposition would be consid-
ered to represent a significant impact on quality of life. The perception of a 
“quality of life” is a subjective and personal and varies significantly by individ-
ual, location, and interests. Quality-of-life issues were raised as part of scoping 
for this project; however, little information regarding a definition of this issue 
was provided by respondents. During scoping, one commenter states the quality 
of life considerations are a conglomerate of every aspect of life, consisting of 
tangibles and intangibles. Tangibles include factors such as noise, air, visual im-
pacts, while intangibles consist of community values and social concerns. 

It is clear that no one would be in favor of a “poor” quality of life, but it is diffi-
cult to assess what specific aspects of a long-term project may cause the percep-
tion of quality of life to change in a negative manner. 

Many of the social concerns and community values toward existing oil and gas 
development are presented in Chapter 3 and generally can be applied toward 
concerns voiced during scoping with respect the Proposed Action. As discussed 
in Chapter 3, many view additional CBM development as a positive impact to the 
community because of the employment and revenue streams that are generated. 
Others view the additional development adversely because of the increased dust, 
traffic, noise, modification to the natural landscape, and the stress that results 
from disruptions of daily activity as a result of working with industry on surface 
owner agreements and related activities. The physiological stresses that result 
from these impacts, both positive and negative, are beyond the scope of this 
analysis, given the variability in the ways individuals react and cope with stress. 
It is anticipated that an increased number of CBM and non-CBM wells will mag-
nify and extend the community values and social concerns for a longer amount of 
time than previously anticipated.  

Additionally, many of the factors that would be considered by most to improve a 
quality of life (for example, employment opportunities, municipal services, and 
vital economy) may or may not be achievable without some increase in factors 
seen to mar a quality-of-life perception (for example, traffic increase, visual im-
pairment, use of federal lands for resource extraction, or influx of transient work-
ers). Each of these factors is discussed in the following paragraphs. 

Local Economy 
Over time, the project would result in effects that would be considered to both 
aid and deter from a common perception of a desirable quality of life. All of the 
social and economic topics described in this section would factor into a “quality 
of life.” It has been concluded that increased employment in certain sectors 
would be realized over the 20-year expected life span of the project. These op-
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portunities (primarily within the first 5 years of project development) would re-
quire skilled as well as unskilled labor. Many of these jobs could be filled by 
workers with similar skills who are currently residing in the Project Area. Em-
ployment opportunities and economic stability are a positive factor in the quality 
of life. 

Visual Effects 
Project development would noticeably increase activities on federal lands 
throughout the Project Area. During the 10-year development phase, it is ex-
pected numerous ongoing drilling operations would increase noise and dust and 
pose local visual impairment. Once wells are completed, well pad and pumping 
units would occupy the landscape in certain areas. New road and pipeline corri-
dors also would be noticeable. These effects are a necessary part of resource ex-
traction activities in the area. These features may affect the perception of quality 
of life in terms of a visual impact experienced. Some members of the community 
are sensitive to development and find these impacts extremely noticeable, while 
other members of the community may not find these impacts to be very notice-
able. Localized visual effects, while unavoidable with project implementation, 
can be lessened by some extent through mitigation, such as screening and paint-
ing. 

Traffic Congestion 
Implementation of the project would result in an increase in traffic on federal, 
state, and local roads. Truck and heavy equipment traffic on federal lands, state 
highways, and county roads would increase. Some additional traffic on local 
community roads also may occur over time as new employees and project activi-
ties create additional trips. The major traffic congestion would occur at locations 
along Interstate 25, Interstate 90 and State Highway 59 where vehicles and con-
struction equipment would enter and exit the Project Area. Additional traffic re-
lated effects that affect quality of life are also presented in the section of Chapter 
4 on Transportation. 

Climate and Air Quality 
Climate and air quality are discussed in detail beginning on page 4–354. 

Community Facilities and Services, Community Values 
As described in previous sections, the project would generate revenues that are 
currently not available to Campbell, Converse, Johnson, and Sheridan Counties. 
These revenues would likely be used for a variety of purposes, including funding 
for additional community facilities and services. Counties can struggle to provide 
the necessary infrastructure and personnel because of the lag between when the 
revenue is generated and when the county receives it. Although there may be a 
moderate increase in demand on existing services over time as the project pro-
ceeds, these effects have not been determined to be significant. Careful planning 
and budgeting of revenue would allow municipalities to consider such things as 
school additions, parks, recreational facilities, additional law enforcement offi-
cers, and other services and facilities. 
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Based on community values voiced, there is concern of the fragmentation of 
community and family relationships; the increasing loss of local control and 
powerlessness, both in terms of decision making at the community and political 
level, but at the household and private property level; the breakdown of such ru-
ral values as “neighboring,” reciprocity and trust; the increasing feeling of an 
uncertain future; the disintegration of relationships between humans and land and 
traditional systems of land stewardship; and the emerging redefinition of property 
values and social class systems based on ownership versus non-ownership of 
mineral rights. However, some might view the development a bringing the com-
munity together; allowing for an increase in local decision making; helping the 
agricultural character to continue because of the amount of produced water that 
will used to sustain irrigation for livestock; and the development could result in a 
feeling of prosperity and increased growth of relationships between humans and 
the land. There is potential that these social impacts may occur within the Project 
Area, but the extent and magnitude are not feasibly measurable. A region issue-
related study would be required to fully understand and quantify these social im-
pacts. 

It would be highly speculative and very difficult to predict the project’s long-
term impact on community values. Likewise, it would be difficult to assess 
whether implementation of the project would have any effect on religious facili-
ties in the area.  

Recreation 
As discussed in the section on Recreation, hunting, fishing, sightseeing, and 
camping are a few of the recreational activities that occur in the Project Area and 
contribute to the quality of life. A decrease in recreation is not expected as a re-
sult of the Proposed Action. The acreage removed from wildlife habitat by the 
project facilities under the Proposed Action is not likely to adversely affect hunt-
ing and fishing opportunities within the Project Area. These activities may in-
crease locally within the Project Area as populations of game animals and game 
fish rise locally during the life of the project, in responses to increased availabil-
ity of surface water and forage. Increased access and human activity associated 
with the development may adversely affect wildlife populations that support 
various recreational activities. Increased access may also increase acreage that 
can be hunted, which was previously inaccessible to the majority of the hunters. 
The monetary costs associated with these local phenomena would be speculative 
and are therefore beyond the scope of this analysis. 

Agricultural Culture 
Many have concerns about the increased salinity of irrigation water. Although 
increase will occur in some watersheds, the costs to the agricultural communities 
cannot necessarily be measured in this analysis, as site specificity would be nec-
essary to predict gains and losses to the agricultural communities. For instance, 
translating levels of unused vegetation into AUMs would require knowledge of 
the consumption of forage by livestock in a specific area. The impact of any 
stocking level depends on the ability of an area to withstand grazing pressure. 
Amounts available to livestock differ from place to place. Additionally, success-
ful project-related reclamation can result in improved grazing and therefore in-
creased AUM value. Residents who use irrigation are concerned about drawdown 
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that might occur and therefore affect the water quantity, while others are grateful 
for the produced water. The livelihood of some rancher’s livelihood has been 
sustained and is thriving as a result of the produced water from CBM develop-
ment. These issues cause difficulties in predicting losses or gains to the agricul-
tural industry on a project-wide level. Non-monetary gains and losses to agricul-
tural are further discussed in the section on Land Use of Chapter 4 of this EIS.  

Crime 
Implementation of the project is not expected to affect crime statistics measura-
bly for most types of crime that occur in the Project Area. In spite of an increase 
in CBM employment between 1999 and 2000 (Wyoming Department of Em-
ployment Research and Planning 2002), most crimes, including larceny, aggra-
vated assault, burglary, motor vehicle theft, and robbery, decreased (Campbell 
County Sheriff’s Department 2000) between 1999 and 2000 in Campbell County, 
which is where most of the CBM workers live. Simple assault was the only cate-
gory that showed an increase in arrests (Campbell County Sheriff Department, 
2000). Crimes by employment sector are not available in any of the counties 
within the Project Area; therefore, the number of arrests of CBM workers is not 
available. 

Other studies conducted in Campbell County indicate similar trends for the pe-
riod from 1990 to 2001. According to The Analysis of Campbell County Crime 
Data for the Years of 1990–2001, arrests increased between 1990 and 2001; how-
ever, the majority of these arrests were for minor offenses such as contempt of 
court, citations for barking dogs, trespass, admitting minors to improper places, 
and tobacco law violations. A small increase in arrests was attributable to 
possession of drugs, disorderly conduct, and drunkenness. Arrests for drug pos-
session accounted for 4 percent of the arrests in 2001, which is not unexpected 
since many communities across the country are experiencing growth in drug pos-
session. Disorderly conduct and drunkenness, usually considered low-level of-
fenses, increased between 1990 and 2001. More serious crimes, such as aggra-
vated assault, weapons violations, burglary and motor vehicle theft, larceny, and 
sex offenses did not increase from 1990 to 2002 and in some cases have declined 
(Beck 2002). 

Property Values 
Property values increase as result of high demand property and low supply. Prop-
erty values within the Project Area have increased in recent years, primarily as a 
result of the influx of population, CBM and non-CBM related, and the value of 
land based on royalties associated with CBM activity. Average sales prices re-
ported by assessors indicate that property values have increase from 5.91 to 45.47 
percent within the Project area between 1999 and 2000 (Wyoming Partnership 
database 2002). Property values may also be affected negatively by the presence 
of CBM activity and associated activity (visual, traffic, and noise, for example). 
It would be highly speculative to quantify these effects positively and negatively 
given the size of the Project Area and the social factors related to property val-
ues. 
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Environmental Justice 
This socioeconomic analysis considered disproportionately adverse effects on 
minority or low-income groups, including Native Americans. No potentially ad-
verse effects that disproportionately affect Native American tribes or minority 
and or low-income groups have been identified. Issues related to the social, cul-
tural, and economic well-being, and health of minorities and low income groups 
(environmental justice) issues were evaluated during the analysis of the Proposed 
Action on socioeconomic resources, surface water and groundwater quality, air 
quality, hazardous materials, and other elements of the human environment. No 
disproportionate environmental impacts were identified. 

Implementing the Proposed Action would not have significant disproportionate 
adverse affects on the social, cultural, and economic well being, and health of 
minorities and low-income groups. With regard to environmental justice issues 
that affect Native American tribes or groups, the PRB CBM Project Area does 
not contain tribal lands or Indian communities, and no treaty rights or Indian trust 
resources are know to exist for this area. No communities within the Project Area 
would be likely to be physically affected by the reasonably foreseeable develop-
ment of CBM. Communities outside the Project Area, which would have a low 
potential to be affected from a water quality perspective, include the Northern 
Cheyenne and Crow Reservations as well as a small Amish colony in southern 
Montana, just north of the Upper Tongue River Watershed. Water quality agree-
ments and measures are discussed below with respect to environmental justice. 

The Tongue River flows directly into the Tongue River Reservation and forms 
the eastern boundary of the Northern Cheyenne Reservation. Three regulatory 
agreements and processes ensure and restrict the impact to water quality. These 
agreements and processes include NPDES permitting regulated by WDEQ, a 
MOC between Wyoming and Montana, and Clean Water regulated by EPA and 
tribal water quality standards. These agreements and processes, described herein, 
limit and prevent disproportionate effects to the human and biological resources 
in the areas. First, as stated Chapter 2, the Companies are required to monitor and 
report produced water volumes and quality to WDEQ pursuant to NPDES permit 
requirements. Discharges are required to meet all applicable WDEQ-WQD water 
quality standards and regulations at all times. The Companies on a voluntary ba-
sis have also initiated and funded several studies that are intended to address the 
cumulative effects of the collective water discharges. Second, WDEQ and 
MDEQ have initiated the MOC on Montana and Wyoming Powder River Interim 
Water Quality Criteria. The intent of the MOC, with respect to environmental 
justice, is to recognize a responsibility and an opportunity to collaboratively pro-
tect water quality in the Powder River Basin to facilitate the development of 
CBM activities in the states. Under the MOC, the State of Wyoming recognizes 
Montana’s downstream interests and has committed to apply certain limits on the 
development of CBM during the term of the cooperative effort and would work 
with and support Montana’s efforts to develop long-term water quality standards 
and an equitable allocation of the assimilative capacity if one exists. The narra-
tive regulations set forth in EPA’s Clean Water Act also aim to protect and pre-
serve water quality. Until tribes submit water quality standards to EPA, the states 
(Montana and Wyoming), and federal government regulate tribal water quality. 
Currently, the Northern Cheyenne and Crow Reservation water quality standards 
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are subject to these regulations. However, the Northern Cheyenne has submitted 
numeric water quality standards for review by EPA. If EPA approves these stan-
dards, the Northern Cheyenne tribe will have its own water quality standards. 
These water quality standards would differentiate from the Clean Water Act in 
that they would be numeric as opposed to narrative and could be stricter. All 
CBM produced water would meet the above requirements before water-related 
permits could be approved. The Northern Cheyenne water quality standards are 
discussed in the MOC between the states and are referenced in the section of this 
EIS on Surface Water. 

The MOC states that water quality in streams and rivers entering Montana from 
Wyoming will not exceed set limits for toxicity as a result of CBM produced wa-
ter discharge in Wyoming. For this reason, the Upper Tongue and Middle Pow-
der sub-watersheds would not see noticeable increase in stream flows or in-
creased sedimentation impact to aquatic species, increased salinity due to content 
of produced water and little increase in hazardous levels of metals, assuming all 
permitting was in conformance with the state requirements. 

BLM will abide by all applicable water quality standards and, consistent with 
applicable authority, will work in partnership with the States of Montana and 
Wyoming to ensure that lessees comply with the state and tribal permitting re-
quirements. BLM will continue to acknowledge the authority and jurisdiction of 
the states on water quality. For this reason, water quality will be carefully regu-
lated and impacts to fish and wildlife are expected to be limited on these reserva-
tions. Wildlife may increase locally within and outside the Project Area as popu-
lations of game animals and game fish rise locally during the life of the project in 
responses to increased availability of surface water and forage. Increased access 
and human activity within the Project Area associated with the development may 
result in additional wildlife migration into the reservations. This behavior would, 
however, be subject to the amount and timing of the human activity within the 
northern portion of the Project Area. Impacts to hunting and fishing are not an-
ticipated to increase or decrease as a result of the Proposed Action as a result of 
the state and tribal permitting processes and or standards. Therefore, existing 
subsistence patterns are not expected to be altered as a result of the Proposed Ac-
tion. 

The Amish colony north of the Project Area and low-income populations within 
the Project Area are not anticipated to suffer from disproportionate adverse ef-
fects. Water quality in all areas must be in accordance to state requirements prior 
to approval. 

Although low-income and minority populations can have increased vulnerability 
to environmental impacts as a result of increased stress and poor health care, the 
current CBM impacts are not disproportionate from the general population. Im-
pacts related to health and safety are included in this document. The current envi-
ronmental and socioeconomic CBM impacts are spread across all races, ages, and 
income levels. Within the Project Area, environmental regulations are enforced 
to protect all groups through EPA, the Montana Department of Environmental 
Quality, and the Wyoming Department of Environmental Quality. 
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Alternative 2 
Alternative 2 specifically relates to methods for handling produced water and 
may slightly increase the land required to dispose of water. Such increase in land 
use may have negative visual implications ultimately affecting the “quality of 
life.” 

Alternatives 2A and 2B result in minimal change to the employment, wages, 
housing, infrastructure, and royalties. Because of the water handling methods 
emphasized in these alternatives, CBM employment will increase to 2,787 for 
Alternative 2A and 2,708 for Alternative 2B, primarily resulting in the construc-
tion of these facilities. Direct cumulative employment from CBM and Non-CBM 
development for all phases is shown on Figure 4–54 and Figure 4–55. 

Figure 4–54 Alternative 2A — Direct Employment 

 

Non-CBM employment will be the same as for Alternative 1. Therefore, an addi-
tional net present value of $641 million (Alternative 2A) to $632 million (Alter-
native 2B) in annual wages will be generated as a result of the additional em-
ployment from the water handling facilities. There may be a slight increase in 
infrastructure demands; however there will be an increase in traffic as a result of 
the water handling methods. The number of wells remains unchanged; therefore, 
royalties are the same as the Proposed Action. Of all the socioeconomic issues, 
taxes will be the most affected because of the cost of the water handling facili-
ties. Specifically, sales tax revenues will be altered. Water handling as it applies 
to the cost of each method and number of each method is described below. 
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Figure 4–55 Alternative 2B — Direct Employment 

 

Alternative 2A Water Handling 
Tax revenue generated from Alternative 2A may be slightly higher than that of 
the Proposed Action primarily because of the number and types and amount of 
water handling methods. The primary water handling cost of Alternative 2A is a 
result of emphasis of infiltration water handling. As shown in Table 4–80, the 
total sales revenue generated from the water handling portion of this alternative is 
estimated to be $52.9 million for the life of the project. 

Table 4–80 Alternative 2A — Water Handling Sale Tax Revenue 

Type of Water Handling Facility 
Sales Tax Generated From Water Handling 

Facility (millions of dollars)2 
Surface discharge — Untreated $3.85 
Surface discharge — Active Treatment 0.0 
Surface discharge — Passive Treatment 9.9 
Infiltration 33.1 
Containment1 0.62 
LAD 2.0 
Injection 3.5 
Total 52.9 
Note: 
1. Operation and maintenance costs are unknown and not included. 
2. Calculations are not based on net present value. 
Source: CBM Operators Information Survey Results Report, 2001; Williams, 2001; and Kolin 
2002. 

 

The total sales tax generated from drilling and water handling in Alternative 2A 
is estimated to be $130 million for the life of the project. 
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Alternative 2B Water Handling 
Tax revenue generated from Alternative 2B is slightly higher than under the Pro-
posed Action and Alternative 2A because of the number of surface discharge and 
infiltration water handling methods. As shown in Table 4–81 the total sales tax 
revenue generated from water handling in this alternative is estimated to be $60.7 
million for the life of the project. 

Table 4–81 Alternative 2B — Water Handling Sales Tax Revenue 

Type of water handing facility 
Sales Tax Generated from Water 

Handling Facility (millions of dollars)2 
Surface discharge — Untreated $2.77 
Surface discharge — Active Treatment 16.8 
Surface discharge — Passive Treatment 10.4 
Infiltration 23.6 
Containment1 1.8 
LAD 2.1 
Injection 3.3 
Total 60.7 
Note: 
1. Operation and maintenance costs are unknown and not included. 
2. Calculations are not based on net present value. 
Source: CBM Operators Information Survey Results Report, 2001; Williams, 2001; and 
Kolin 2002. 

 

The total sales tax generated from the drilling and water handling of Alternative 
2B is estimated to be $138 million for the life of the project. 

The two compression options for these alternatives include electrification of 
50 percent of the booster compressors, with the difference using gas-fired booster 
compression and electrification of 100 percent of the booster compressors. The 
cost associated with these alternatives varies depending on the price of gas versus 
the price of electricity. For this analysis, if the price of electricity is assumed to 
be $0.0372/kilowatt hour (kWh) (Browne 2001) and a fully loaded engine can 
produce the equivalent of .746 kWh, then electric generation would cost ap-
proximately $0.02775 per horsepower hour. 

Assuming the gas-fired engine requires 0.01 mcf per horsepower hour (Zavadil 
2001) and gas is at $2.25 per mcf (Wyoming Division of Economic Analysis, 
2001), gas-fired compression would cost approximately $0.02250 per horse-
power hour. Therefore, the price of gas would represent a 19 percent savings. 
Capital costs for motors, generators, and engines are included in this analysis. 
Additionally, because the gas is used on these compressor engines, there is some 
savings to the Companies from the basis differential, gathering and compression 
rates, transport deductions, and royalty and ad valorem savings, which ultimately 
result in lower net fuel cost. For instance, the fuel cost might be $3.00/mmbtu; 
however, after these deductions, the true cost for fuel is only $1.32/mmbtu 
(Keanini 2001b). Natural gas is a more economical option because of the number 
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of costs that the operators do not incur. One of the costs that is not incurred is the 
payment of royalties as a result of leasehold use. The federal government does 
not retain royalties when the natural gas is used by the leaseholder to fuel natural 
gas booster pumps. It is estimated that if 136,656 mmbtus are required per year 
per engine (Keanini 2001b), $5.59 million to $6.71 million would be lost in roy-
alties per 2,000-horsepower engine over the life of the project (assuming the net 
present value, discounted at 8 percent). However, even if royalty costs were in-
cluded in the comparison between natural gas and electricity, natural gas would 
continue to be more economical for the operators (Keanini 2001b). 

For this analysis, given the current projected price of natural gas and electricity, 
natural gas booster compressor units would be more economical to the operators 
but would result in a loss of royalties for the federal government. Electric booster 
compression units add no economic value to the operators or the community. 

Alternative 3 — No Action 
Under the No Action Alternative, additional natural gas drilling would not be 
authorized on federal leases within the Project Area. However, drilling could still 
occur on state and private land. The No Action Alternative would result in ap-
proximately 1,481 fewer jobs created during the peak activity years in the Project 
Area over the life of the project and therefore approximately $196 million in an-
nual income within the counties of the Project Area. Figure 4–56 identifies the 
locations of CBM and non-CBM wells by jurisdiction. 

Figure 4–56 Alternative 3 — Number of Wells by Jurisdiction and Year 

 

Expenditures made by the Companies and local tax revenues would be reduced 
substantially because 23,909 fewer CBM wells and 1,885 non-CBM wells would 
be drilled under this alternative, which also decreases the revenue generated from 
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other facilities as well. In addition, the costs and benefits of the project directed 
to Campbell, Converse, Johnson, and Sheridan counties would be reduced rela-
tive to the Proposed Action and Alternative 2. Federal mineral royalties from 
CBM alone would result in $1.7 billion less in sales value than in the Proposed 
Action. With no additional federal wells, no additional federal royalties would be 
available and no associated distribution to the counties. 

Tax revenue generated from Alternative 3 is lower than the Proposed Action and 
Alternatives 2A and 2B, primarily a result of the decreased number of wells, 
which therefore decreases the number of water handling facilities. As shown in 
Table 4–82, $24 million tax will be generated from water handling. The total 
sales tax generated from drilling and water handling is estimated to be $82 mil-
lion for the life of the project. The severance tax generated from this alternative 
is estimated to be $1.1 billion for the life of the project. The ad valorem tax gen-
erated from this alternative is estimated to be $1.2 billion for the life of the pro-
ject. Figure 4–57 and Figure 4–58 illustrate the percentage of royalties and taxes 
for Alternative 3 CBM and Non-CBM wells. 

Additionally, not drilling federal wells now may result in future negative produc-
tion rates from federal minerals. Drilling on private and state minerals would 
likely result in depletion of federal minerals, and therefore potential federal roy-
alties, within portions of the Project Area. Modeling by Joe Meyer, BLM hy-
drologist, indicated that in an undrilled area within the project Area, 9 to 22 
pounds per square inch (psi) of pressure drawdown would occur in as much as 
1.5 miles from the boundary of the producing well after 18 months of production 
(BLM 2001b). Such significant pressure depletion is considered large and exten-
sive (BLM 2001b). According to the same report, it is believed that undrilled 
federal acreage, specifically within the Upper Belle Fourche River sub-
watershed, may have been so severely depleted that an economic well is no 
longer feasible. It is anticipated that depletion would continue to worsen and 
spread over a wider area within a portion of the Project Area as CBM develop-
ment continues (BLM 2001b). 

Table 4–82 Alternative 3 — Cost and Sales Tax Revenue 

Type of water handing facility 
Sales Tax Generated From Water Handling Facility 

(millions of dollars)2 
Surface discharge — Untreated $10.4 
Surface discharge — Active Treatment 0.0 
Surface discharge — Passive Treatment 1.04 
Infiltration 8.77 
Containment* 1.2 
LAD 0.45 
Injection 21.5 
Total 24.0 
Note: 
1. Operation and maintenance costs are unknown and not included. 
2. Not calculated using net present value. 
Source: CBM Operators Information Survey Results Report, 2001; Williams, 2001; and Kolin 
2002. 
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Like Alternative 1 and 2, Alternative 3 would not have significant adverse Envi-
ronmental Justice affects on the social, cultural, and economic well being and 
health of minorities and low-income groups for the reasons stated under Alterna-
tive 1. 

Cumulative Effects 

Economic Consequences 
The estimated cost of each alternative is provided in Table 4–83. The costs were 
generated using cost assumptions provided in Table 4–84 and Table 4–85. For 
this analysis, the following costs were not included in this analysis: land acquisi-
tion and holding; royalties; permitting; engineering; corporate overhead; man-
agement; taxes; interest; return of and return on investment; and time value of 
money. The costs that are provided were used to estimate the socioeconomic im-
pact to the affected communities. 

Figure 4–57 Alternative 3 — Net Present Value of Taxes and Royalties 
from CBM Wells 
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Figure 4–58 Alternative 3 — Net Present Value of Taxes and Royalties 
from Non-CBM Wells 

 

Table 4–83 Estimated Direct Cost of Each Alternative over the Life of 
Project ($ Millions) 

Source Alternative1 Alternative 2a Alternative2b Alternative3 
Wells     
 Capital Costs 4,172 4,172 4,172 1,653 
 Operation and Maintenance 12,940 12,940 12,940 5,128 
 Reclamation 159 159 159 57 
Water Handling1     
 Capital Costs 260 326 374 114 
 Operation and Maintenance 1,180 1,270 1,501 630 
 Reclamation 132 168 148 56 
Total2 18,843 19,035 19,294 7,638 
Note: 
1. Water handling includes Surface discharge (Untreated, Active Treatment and Passive Treat-

ment), Infiltration, Containment, LAD, and Injection. 
2. Estimations do not include costs for the following: land acquisition and holdings; royalties; per-

mitting; engineering; corporate overhead; management; taxes; interest; depreciation; return of 
and return on investment; and time value of money. Costs are not calculated in Net Present
Value. 

Source: CBM Operators Information Survey Results Report, 2001; Williams, 2001; and Kolin 
2002. 
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beyond the scope of this analysis. As a result of the costs that would or would not 
be incurred as a direct result of the project, it would be arbitrary and speculative 
to attempt to quantify the monetary opportunity costs associated with mainte-
nance of infrastructure, loss of water, soil, agricultural, production, wildlife, and 
land value. Many other non-project related factors alter the economics of the 
elements. There would be a number of variables to consider when calculating 
these costs, which are beyond the scope of this analysis. For example, the poten-
tial for discharged CBM water to harm irrigated crops would depend on the crop, 
irrigation technique, the total concentration of soluble salts, and its relative pro-
portion of sodium to other cations (such as calcium and sodium). The non-
monetary opportunity costs for these resources are discussed in the relevant sec-
tions. 

The cost was generated using data provided in the Coal Bed Methane Operators 
Information Survey Results Report, prepared for the Eastern Research Group, 
Inc. and for EPA (O&G Environmental Consultants 2001). Additionally, Mike 
Kolin, P.E., of Greystone, generated estimated project-related costs. (Kolin 
2001). Because the conceptual level of this analysis does not present site-specific 
design and operation, the cost estimates are incomplete and are only for compara-
tive analysis based on a series of assumptions. In instances where cost was specu-
lative, it was not included in the analysis (such as roads, pipelines, compressors, 
electric generation, and other facilities associated with wells). 

 

Table 4–84 Estimated Direct Costs of Drilling and Reclamation for CBM 
and Non-CBM Wells 

Drilling activities 
Estimated cost/unit 

for CBM well 
Estimated cost/unit 

for non-CBM 
Drilling and completion $60,000 per well1 $500,000-2,500,0002 
Well Infrastructure Cost per well3 $23,500 per well $50,0002 
Additional pod infrastructure4 $21,000 per well1 $50,000-75,0002 
Gathering Fees per5 $20,000 per well1 $10,000 per well2 

Operation and Maintenance6 1,240 per month per well1 $1,000-$2,500 per month per 
well 

Reclamation $700 per acre7 $3000 per acre2 
Notes: 
1. Generated using coal Bed Methane Operators Information Survey Results, prepared for the 

Eastern Research Group inc. and for the EOA. O&G Environmental Consultants 2001. 
2. Non-CBM estimated costs by D. Chase, BLM Reservoir Management Group. 
3. Well infrastructure costs include telemetry equipment, pumps, and doghouse. 
4. Additional pod infrastructure cost includes pod/compressor building, gas piping, and electricity.
5. Pipeline fees are costs to move gas from well head to plant. 
6. Operating costs include lifting costs to wellhead. 
7. Provided by Williams 2001. 
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Table 4–85 Estimated Cost of Water Handling Facilities 

Water Handling 
(Includes labor) 

Capital Cost of Construction cost 
per facility 

O&M 
($/bbl) 

Reclamation cost 
per facility 

Surface Discharge $45,000 $0.051 $40,000 
Infiltration $72,000 $0.061 $44,000 
Containment $1,200,000 Unknown $400,000 
LAD $500,0001 $0.021 $3,000 
Injection $90,0001 $0.061 $9,000 
Note: 
1. Generated using Coal Bed Methane Operators Information Survey Results Report, prepared for 

the Eastern Research Group Inc and for the EPA. O&G Environmental Consultants 2001. 
Sources: CBM Operators Information Survey Results Report, 2001; Williams, 2001; and Kolin 

2002. 

 

Alternative 1 
Although the cumulative economic value of CBM development under this alter-
native is very large, the cumulative workforce required for the project is esti-
mated to require approximately 643 employees for construction, 4,960 for opera-
tion and maintenance, and 246 for reclamation during peak activity years (2007 
and 2009). The highest peak activity would be in 2007 and would necessitate 
5,579 employees. It is anticipated that 300 of these jobs would be filled from the 
local labor force. Additional workers would come from outside the region, or the 
unemployed labor force would obtain the necessary skills to fill the positions. 
Over the life of the project, the net present value of the annual payroll is esti-
mated to be $1.2 billion. Employment opportunities will likely be greatest during 
the first 10 years, and would gradually decrease over the life of the project 
(Figure 4–59). 

Because the local labor force would likely occupy new jobs, the increased popu-
lation growth of the communities is not anticipated as a result of the Proposed 
Action. However, during peak activity years, short-term effects from a 7 percent 
incremental increase in population may be substantial. It is not anticipated that 
water systems, solid waste disposal, public schools, law enforcement, fire protec-
tion, or medical facilities would incur substantial additional effects from the Pro-
posed Action. The local counties are accustomed to absorbing fluctuations in 
mineral development, which cause cycles of increasing and decreasing demands 
for workers, housing, and community services. Much of the infrastructure re-
quired for the current population has been created and would sustain the current 
population. 

In addition to salaries generated by the project, extra revenue would filter to 
county levels through federal royalties, local ad valorem taxes, and sales and use 
taxes. Based on projected market prices, it is estimated that cumulative federal 
royalties from CBM would total $2.5 billion and $337 million from non-CBM 
wells (net present value discounted at 10 percent) over the life of the project. Ap-
proximately half would be paid to the State of Wyoming and half to the federal 
government. State mineral royalties, sales and use tax, severance tax, and ad 
valorem taxes would generate $3.2 billion in revenue from CBM wells and $688 
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million from non-CBM wells to be distributed by the state and counties, for 
schools, roads, and other community infrastructure. 

 

Figure 4–59 Alternative 1 — Cumulative Employment 

 

Figure 4–60 and Figure 4–61 illustrate the cumulative percentage of royalties and 
taxes from existing development as well as development from Alternative 1 
CBM and non-CBM wells. 

The existing CBM and non-CBM development has already affected communities 
with in the Project Area; further development would maintain the current impacts 
to the quality of life. For some, the sustained employment and economic devel-
opment as a result of the Proposed Action may be viewed as a positive impact to 
quality of life. For others, the environmental and social impacts disclosed here 
may be viewed as a negative impact on the quality of life. Particularly, CBM re-
lated existing and potential water quantity and quality issues and the potential 
impacts to the agricultural community are of concern. For some, CBM produced 
water is beneficial because of the increased quantity for irrigation that would not 
be available without CBM development. For others, concerns of potential degra-
dation of water quality and potential drawdown affects may impair the quality of 
life. The latter issue will be primarily regulated by the MOC between the States 
of Montana and Wyoming and the water quality thresholds and criteria being 
prepared for the Montana Board of Environmental Review and Northern Chey-
enne Tribe. 
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Figure 4–60 Alternative 1 — Cumulative Net Present Value of Taxes and 
Royalties of CBM Wells 

 
 
 

Figure 4–61 Alternative 1 — Cumulative Net Present Value of Taxes and 
Royalties of non-CBM Wells 

 

Implementing the Proposed Action would have cumulative effects on social, cul-
tural, and economic well being and health of minorities and low-income groups. 
With regard to environmental justice issues affecting Native American tribes or 
groups, the Powder River Basin Oil and Gas Project Area contains no tribal lands 
or Indian communities, and no treaty rights or Indian trust resources are known to 
exist for the area. Environmental effects associated with water quality north of 
the Project Area on or near the Crow and Northern Cheyenne Reservations will 
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be subject to applicable water quality standards by the tribes, EPA, and the State 
of Montana and State of Wyoming. 

Alternative 2 
Alternative 2 includes all of the cumulative effects as described for the Proposed 
Action, but differs from the proposed action in water handling and compression. 
Alternative 2A and 2B would require approximately 182 and 84 additional em-
ployees than under the Proposed Action. 

Alternative 2A results in $5.7 million more in sales tax from water handling, and 
Alternative 2B results in $7.8 million more in sales tax from water handling than 
Alternative 1. The use of natural gas fired booster compressors proves to be more 
economical for the operator and electric booster compressors provide no eco-
nomic benefit to the community. Use of leasehold gas for compression would 
result in loss of royalties to the federal government. 

Alternative 3 
Under this alternative, no additional wells would be drilled on federal lands. Ap-
proximately 1,481 new jobs would be created under Alternative 3, resulting in 
about $196 million in personal income. Implementation of Alternative 3 would 
result in a complete loss of all the federally related benefits and costs described in 
the Proposed Action because no federal royalties would be collected and their 
associated distribution would not occur. Additionally, not drilling federal wells 
now may result in future negative production rates on federal minerals because of 
the depletion of minerals from drilling on state and private lands. 

Human Health and Safety 
The potential effects on human health and safety associated with implementation 
of any of the alternatives are addressed in this section. Potential effects to human 
health and safety that could be associated with additional CBM development in 
the Project Area include concentrations of methane in water wells or structures 
housing wells that are located near CBM development areas, methane seepage in 
populated areas near the outcrop or in other areas where geologic conditions al-
low migration of methane, contamination of drinking water aquifers by the 
chemicals used in hydraulic fracturing (if hydraulic fracturing is used), effects of 
SAR and salinity from discharge of produced water, and ruptures of pipelines. In 
addition, effects to health and safety could arise from the use of hazardous mate-
rials and pesticides, spills, illegal dumping, potential for an increase in traffic 
accidents on public roads, and health effects associated with noise and air emis-
sions from project-related vehicles, and fugitive dust from roads and from appli-
cation of dust control treatments such as magnesium chloride to roads. 

It was assumed that, for any of the alternatives, the CBM development operations 
in the Project Area would comply with state and federal regulations, including 
the Resource Conservation and Recovery Act (RCRA), the Occupational Safety 
and Health Act (OSHA), the Clean Water Act (CWA), and the Clean Air Act 
(CAA). The BLM requires notification of all hazardous materials to be used on 
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BLM and FS lands for CBM development in the Project Area and is responsible 
for all releases of hazardous materials on these lands.  

Safety requirement for well operations are also specified under 43 CFR Ch. II, 
subpart 3162.5 – Environmental Obligations. This regulation requires the ap-
proval of a drilling and operations plan that addresses the applicable procedures 
to be employed for protection of environmental quality, including control and 
removal of wastes, spill prevention, fire prevention and fighting procedures, and 
safety precautions. The Companies would develop emergency plans that would 
address all potential emergencies, including fires, employee injuries, emergency 
response, and chemical releases, among others. Employees and subcontractors 
would be trained in the storage, handling, and disposal of hazardous materials, 
and in implementation of the safety procedures in the emergency plans. 

The Companies would also take measures to protect the public, livestock, and 
wildlife from hazards at CBM-related facilities. For example, warning signs 
would be posted around facilities, as required by regulations. In addition, com-
pressor stations would be fenced and gated. 

Alternative 1 
Under implementation of Alternative 1, there would be minimal additional short-
term and long-term risks to human health and safety associated with potential 
methane migration and seepage, pipeline ruptures, and increased vehicular traf-
fic, as described in the following subsections.  

Methane Migration and Seepage 
Direct impacts from the additional CBM development under the Proposed Action 
include potentially increased risks of methane seepage, fires, or explosions. 
Methane is not biologically toxic and does not cause cancer, but high concentra-
tions in confined spaces can displace oxygen and present a danger of fire or ex-
plosion.  

Methane gas can reach the surface by naturally occurring seepage along fault 
lines, fractures, or sandstone layers in areas where coal beds are shallow. Gas 
migration could be enhanced during CBM development in areas along the coal 
outcrop. Non-CBM wells may provide pathways for migration of methane if the 
casings or plugs are inadequate or faulty or lack isolation through the coal hori-
zons. The potential for migration of methane in CBM wells is minimized or pre-
vented by the use of the current CBM industry standards for cementing and cas-
ing that isolate or protect all zones from gas or fluid migration. Water wells are 
frequently screened over multiple aquifer zones, which could provide pathways 
for migration of methane. 

As population and the density of residential development increase over time, the 
potential for additional CBM development and any associated methane seeps, 
fires, or accidents to affect residential land uses and human health and safety 
would be likely to increase. Risks to human health and safety would rise propor-
tionately with the number of CBM wells and with increased proximity of CBM 
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wells to other land uses, primarily residential uses. Residential properties near the 
proposed CBM facilities would be most sensitive to these risks. 

Risks from methane associated with oil and gas wells, including CBM wells, 
would be controlled through the BLM-mandated conditions of approval for the 
APD that address well conditions, casing, ventilation, and plugging procedures 
appropriate to site-specific CBM development plans. In addition, the Companies 
have developed emergency plans and employee training programs that address 
fire prevention and control measures. 

Experience in the PRB has shown that few cases of methane seeps that involve 
potentially explosive concentrations have occurred. The extent and intensity of 
methane migration and seepage associated with the proposed action would de-
pend on site-specific conditions. Although some potential for increased migration 
and seepage of methane exists in the Project Area, increases in risks to human 
health and safety are not anticipated with the additional CBM wells. 

Implementation of the Proposed Action is unlikely to increase the risk of coal 
fires in the Project Area. Spontaneous combustion of coal is not likely to be 
caused by CBM development under Alternative 1. The potential for coal fires 
associated with each of the alternatives is analyzed in Geologic Hazards discus-
sions in Chapters 3 and 4. 

Contamination of Drinking Water Aquifers by 
Hydraulic Fracturing 
Hydraulic fracturing, if used to complete CBM wells, is not likely to have any 
effect on groundwater quality. Although the potential impacts on underground 
sources of drinking water from hydraulic fracturing of CBM wells are not well 
known, no cases of groundwater contamination associated with hydraulic fractur-
ing of CBM wells have been substantiated (EPA 2002a). Only a limited area sur-
rounding the CBM well bore is affected by this procedure. Commonly used frac-
turing fluids do not contain environmentally hazardous substances. None of the 
constituents used in hydraulic fracturing of CBM wells have been documented to 
affect water wells or groundwater supplies in the PRB.  

Where CBM wells are drilled in close proximity to existing water wells, the wa-
ter quality in the existing wells may be temporarily affected by increased sedi-
ments, fines, and odors. These effects are expected to be temporary, clearing up 
after a time. Site-specific monitoring data would be needed to evaluate whether 
an aquifer or water well has been impaired by hydraulic fracturing (EPA 2002).  

Based on a 1998 survey of state oil and gas agencies by the Ground Water Pro-
tection Council (EPA 2002a ), no impacts to existing drinking water wells had 
been documented from hydraulic fracturing. An analysis of the potential for con-
tamination of drinking water aquifers by the chemicals used in the hydraulic frac-
turing fluids, as well as monitoring, are addressed in the Groundwater sections. 
Implementation of the MMRP as outlined in Appendix D would minimize the 
potential for impacts to groundwater quality or contamination of drinking water 
aquifers. 
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Impacts of Sodium Adsorption Ratio in Produced 
Water 
It is unlikely that surface discharges of produced water with high SAR values 
would affect drinking water supplies, as discussed in the sections on Groundwa-
ter and Surface Water. 

The State of Wyoming has established water quality standards for surface waters 
for the protection of both human health and aquatic life. Aquatic life standards 
are more stringent than drinking water standards for some constituents. If pro-
duced water does not meet Wyoming’s quality standards, it cannot be discharged 
to waters of the state; however, Wyoming has not currently established numerical 
standards for SAR, salinity, or sodium. Potential impacts to surface water quality 
on tribal lands associated with the Proposed Action are addressed in the sections 
on Surface Water. Impacts to fish from increasing salinity in surface drainages 
associated with the proposed action are addressed in the section on Aquatic Spe-
cies. 

Pipeline Ruptures 
Additional CBM development may increase the potential for leaks or ruptures of 
gas flowlines or pipelines. Most ruptures occur when heavy equipment acciden-
tally strikes the pipeline while operating in close proximity. These ruptures may 
result in a fire or explosion if a spark or open flame ignites the escaping gas.  

Materials used in the pipelines would be designed and selected in accordance 
with applicable standards to minimize the potential for a leak or rupture. Pipeline 
markers are posted at frequent intervals along the pipelines to warn excavators 
and to reduce the risk of accidental rupture from excavating equipment. The 
Companies would monitor the pipeline flows by either remote sensors or daily 
inspections of the flow meters. Routine monitoring reduces the probability of 
effects to health and safety from ruptures by facilitating the prompt detection of 
leaks. If pressure losses were detected, the wells would be shut in until the prob-
lem is isolated and addressed.  

Approximately 20,474 miles of new pipeline would be associated with the pro-
posed action. Based on a statistical average of one safety incident per year per 
5,445 miles of total pipeline (BTS 2002), four additional pipeline safety incidents 
(including ruptures) may occur per year over the life of the project. The specific 
locations of the proposed pipelines are not yet defined; therefore, detailed esti-
mates of the risk of pipeline ruptures in the Project Area are not quantifiable at 
this time. Under implementation of the proposed action, there would be minimal 
increased risks to human health and safety associated with potential pipeline rup-
tures in proportion to the increased number of CBM-related facilities. 

Use of Hazardous Materials and Pesticides, Spills, 
and Illegal Dumping 
Impacts to human health and safety could arise from the hazardous materials and 
herbicides stored and used for CBM well drilling and production, primarily from 
the potential for accidental spills or illegal dumping of hazardous materials or 
wastes.  
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Federal and WOGCC regulations address the transport, storage, and disposal of 
hazardous materials or wastes. Assuming that the operators comply with the 
regulations, these rules would minimize the potential for spills or contamination 
of surface drainages or groundwater or releases of air emissions. Well operations 
are also regulated under 43 CFR Ch. II, Subpart 3162.5 – Environmental Obliga-
tions. This regulation requires approval of a drilling and operations plan that ad-
dresses the applicable procedures to be employed to protect environmental qual-
ity, including control and removal of wastes, spill prevention, fire prevention and 
fighting procedures, and safety precautions.  

Regulations for handling, storage, and disposal of hazardous materials are codi-
fied at 49 CFR Parts 171 and 179. EPA requires a Spill Prevention Control and 
Countermeasures Plan (SPCC) under 40 CFR Part 112 for storage of large quan-
tities of petroleum products, such as fuels. Oil spills must be reported to the EPA 
National Response Center as required by 40 CFR Part 110. Federal and state op-
erating and reporting requirements include provisions to clean up and mitigate 
spills or releases of chemicals, product, or wastes.  

BLM policy requires identification of the chemicals that would be used, stored, 
and produced during construction and operations. Hazardous Substances Man-
agement Plans would be developed and implemented by the Companies to pre-
vent spills and illegal dumping of hazardous substances, pesticides, and wastes.  

It is assumed that the storage, use, and transport of these materials and the dis-
posal of wastes generated would comply with all pertinent federal regulations. 
The specific locations of the proposed storage areas for these hazardous materials 
are not yet defined; therefore, detailed estimates of the risks of spills are not 
quantifiable at this time. The hazardous materials typically used in CBM devel-
opment and the estimated quantities that would be stored in the Project Area are 
listed in Table 4–86. 

Hazardous materials commonly used in CBM development include ammonia, 
gasoline, diesel fuel, motor oil, greases and lubricants, solvents to clean equip-
ment, heat transfer fluids such as antifreeze (glycols), paint, sand, fertilizers, and 
herbicides (weed killers). Other than the minimal amounts of herbicides that are 
used to control noxious weeds, pesticides are not generally used for CBM devel-
opment. The BLM or county where the CBM facilities would be located would 
approve the type of herbicides and their planned uses at a specific site and time 
of application. Additional hazardous materials that are used for CBM develop-
ment include sodium hydroxide and buffers (to regulate the pH of the drilling 
mud), acids for well stimulation, and surfactants (soap-like materials to remove 
carbon dioxide during gas processing), inert gases (not toxic, flammable, or ex-
plosive), and welding and cutting materials.  

Typical wastes generated by oil and gas development include produced water, 
oilfield production fluids (drilling muds and used fracturing fluids), crude oil and 
condensate, and soils contaminated with relatively low concentrations of petro-
leum products. Disposal of some quantities of crude oil or condensate typically 
involves the sale of these wastes to a waste oil recycler. Contaminated soils are 
generally disposed of in an approved landfill used for nonhazardous wastes or are 
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treated on site (through land farming or aeration) if permitted by the local regula-
tory agencies. 

Table 4–86 Typical List of Hazardous Chemicals Used per CBM Well 

Hazardous Chemical Typical Use Approximate Quantity Used 
Hydrochloric acid Well stimulation <1 gallon 
Sodium hydroxide pH control 50-250 pounds 
Soda ash pH control 50-250 pounds 
Sodium bicarbonate pH control 50-250 pounds 
Lime Drilling material 50-250 pounds 
Cement Well completion and plugging 10,000-25,000 pounds 
Calcium chloride Cement additive 200-500 pounds 
Cellulose polymer Cement additive 5-20 gallons 
Cellulose flakes Cement additive 25-75 pounds 
Bentonite Cement additive 600-1,500 pounds 
Pozzalans Cement additive 5,000-15,000 pounds 
Ammonium bisulfite Corrosion inhibitor 5-25 gallons 
Oxygen scavenger Corrosion inhibitor 5-25 gallons 
Aluminum stearate Defoaming agents 0-50 gallons 
Mixed alcohols Defoaming agents 0-50 gallons 
Sodium acid pyrophosphate Detergent 0-50 gallons 
Class C explosive Charged well jet perforating gun 0-100 pounds 
Class A explosive Detonators 0-100 pounds 
Partially hydrolized polyacrylamid+B61e Filtration control agents 0-100 pounds 
Polyanionic cellulose Filtration control agents 0-100 pounds 
Diesel Fuel 1,000-3,000 gallons 
Gasoline Fuel 100-200 gallons 
Cellulose and guar derivatives Gelling agents 0-50 pounds 
Ethylene glycol Heat transfer fluid (coolant) 25-250 gallons 
Nitrogen Inert gas 0-1,000 pounds 
Hydraulic fluids Lubricants 50-200 pounds 
Mica Circulation materials 0-1,000 pounds 
Sawdust Circulation materials 0-1,000 pounds 
Paint & paint thinner Reduce corrosion 5-25 gallons 
Pipe joint compound Sealant 10-25 gallons 
Carbon tetrachloride Solvent <1 gallon 
Methanol Solvent 0-55 gallons 

 

Human health and safety would likely be protected by the Companies’ compli-
ance with all applicable federal and state laws concerning safe operation of natu-
ral gas facilities. In addition, the Companies have developed emergency plans 
and employee-training programs that address spill prevention and control meas-
ures for hazardous materials and wastes. Impacts to human health and safety 
from hazardous materials, pesticides, and wastes typically associated with CBM 
development are expected to be unlikely. 

Increased Vehicular Traffic 
Implementation of the proposed action may result in an increase of 25 percent or 
more in traffic for some of the public roads in the Project Area, along with pro-
portionate increases in noise and air emissions from project-related vehicles, fu-
gitive dust from roads, and risk of traffic accidents. For the Proposed Action, im-
pacts to human health and safety associated with the noise, vehicle emissions, 
and fugitive dust associated with increased vehicular traffic during construction 
and operation of CBM-related facilities are expected to be unlikely. Noise, vehi-
cle emissions, and fugitive dust are addressed in the section on Air Quality and 
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Climate. The estimated increases in daily traffic for the Proposed Action are ana-
lyzed in the section on Transportation. 

The specific locations of the proposed wells and access roads are not yet defined; 
therefore, site-specific estimates of increases in vehicular traffic and the associ-
ated potential risks of accident for the public roads in the Project Area are not 
quantifiable at this time. Implementation of the Proposed Action would result in 
significant increases in vehicular traffic on some public roads, with a proportion-
ate increase in the risk of traffic accidents, as addressed in Section 4, Transporta-
tion. 

Magnesium Chloride 
Under implementation of Alternative 1, potential effects to human health and 
safety are unlikely to occur from the use of magnesium chloride for dust suppres-
sion on CBM-related roads. Some counties in the Project Area and some of the 
Companies occasionally use magnesium chloride to control dust near residences, 
or for deicing bridges and tunnels. In general, one application of magnesium 
chloride would control dust for up to 1 year. 

EPA and the State of Wyoming have approved use of this chemical on public 
roads, with appropriate application procedures. Based on a long history of not 
generally producing adverse lung or toxic effects, no specific airborne exposure 
limit is currently established for workers using this chemical. Magnesium chlo-
ride is considered a “particulate not otherwise classified” in defining the maxi-
mum allowable air concentrations to protect workers, and is therefore considered 
an “inert” or “nuisance” dust.  

Although not highly toxic, any dust in sufficient concentration will have adverse 
effects. High concentrations of magnesium chloride are a minor irritation to eyes 
and skin, and inhalation may cause mild irritation to the mucus membranes. In-
gestion of high amounts can cause abdominal pain, vomiting, diarrhea, and, un-
der some conditions, depression of the central nervous system. Hypersensitive 
persons may suffer additional adverse reactions. 

Impacts to human health and safety from the use of magnesium chloride for dust 
control on roads associated with implementation of the proposed action are ex-
pected to be unlikely. 

Alternatives 2A and 2B  
Under implementation of Alternatives 2A and 2B, the number of new wells, well 
pads, pipelines, and roads would be the same as described for Alternative 1. The 
potential effects to human health and safety associated with implementation of 
Alternatives 2A and 2B would be similar to those described for Alternative 1. 

Alternative 3 
Under implementation of Alternative 3, development of non-federal CBM wells 
would continue on non-federal lands in the Project Area. Fewer wells would be 
drilled, fewer well pads, pipelines, and roads would be constructed, and the total 
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number of CBM facilities would smaller under implementation of Alternative 3. 
The estimated increases to average daily traffic under Alternative 3 would be 
more than 25 percent compared with the existing average daily traffic for some 
of the roads in the Project Area. Under implementation of this alternative, there 
would be minimal additional risks to human health and safety associated with 
potential methane migration and seepage, similar to those described for Alterna-
tive 1. There are 8,546 miles of new pipelines associated with Alternative 3 and 
an associated potential for 1.5 additional pipeline safety incidents (including rup-
tures) per year over the life of the project.  

Because there would be fewer new facilities under implementation of Alternative 
3 compared with Alternative 1, the potential risks to human health and safety 
would be reduced proportionately. Long-term effects to human health and safety 
would be minimal from implementation of Alternative 3. 

Cumulative Effects 
Long-term human health and safety effects to the residents of properties adjacent 
to the major access roads within the Project Area would be minimal. These 
minimal risks would result from generation of increased traffic, noise, air emis-
sions, and fugitive dust from project-related vehicles associated with any of the 
alternatives. The risk of traffic accidents associated with the additional vehicular 
traffic would increase for any of the alternatives. Human health and safety risks 
associated with potential methane migration and seepage and pipeline ruptures 
would be minimal, in proportion to the increased number of project-related facili-
ties. 

Air Quality and Climate 
Although the proposed Alternatives and non-project sources have the potential to 
emit carbon dioxide (CO2) and methane, no measurable impacts to climate are 
anticipated from implementation of any of the proposed Alternatives. Potential 
impacts to air quality were analyzed as described below. 

Issues, Impact Types, and Criteria 
Fugitive dust and exhaust from construction activities, along with air pollutants 
emitted during operation (i.e., well operations, injection well and pipeline com-
pressor engines, etc.), are potential causes of decreases in air quality. These is-
sues are more likely to generate public concern where natural gas development 
activities occur near residential areas. The Crow Tribal Council and the federal 
land managers (FLMs) have expressed concerns regarding potential visibility and 
atmospheric deposition (acid rain) impacts within distant downwind PSD Class I 
and PSD Class II sensitive areas in Wyoming, Montana, southwestern North Da-
kota, western South Dakota, and northwestern Nebraska. 

Air pollutant dispersion modeling was performed to quantify potential PM10 and 
SO2 impacts during construction based on the individual pollutant’s period of 
maximum potential emissions. The EPA CALPUFF dispersion model was used 



Chapter 4 — Environmental Consequences 

PRB O & G FEIS 4–378  

with meteorological data generated by the MM5 (mesoscale model) and CAL-
MET models. These meteorology data were combined with air pollutant emission 
values to predict maximum potential concentrations in the vicinity of assumed 
well and compressor engine emission sources for comparison with applicable air 
quality standards and PSD Class II increments (Argonne 2002). 

Construction emissions would occur during potential road and well pad construc-
tion, well drilling, and well completion testing. During well completion testing, 
natural gas may be flared and exhausted. Since the burned natural gas is “sweet” 
(does not contain sulfur compounds), no objectionable odors are likely to occur. 

Maximum potential near-field particulate matter emissions from traffic on un-
paved roads and during well pad construction were used to predict the maximum 
24-hour and annual average PM10 concentrations. Maximum air pollutant emis-
sions from each well would be temporary (i.e., occurring during a short construc-
tion period) and would occur in isolation, without significantly interacting with 
adjacent well locations. During construction, particulate matter emissions from 
well pad and resource road construction would be minimized by application of 
water. The control efficiency of the dust suppression was computed at 50 percent 
during construction. During production and maintenance, the Companies would 
not routinely employ dust abatement procedures on roads within the Project 
Area. 

Air quality impacts from potential development were analyzed and reported in 
the following sections on Alternatives and Cumulative Impacts. This analysis 
was prepared solely under the requirements of NEPA to assess and disclose rea-
sonably foreseeable impacts to the public and BLM and FS decision makers be-
fore a ROD is issued. The air quality impact assessment was based on the best 
available engineering data and assumptions, meteorology data, and dispersion 
modeling procedures, as well as professional and scientific judgment. However, 
where specific data or procedures were not available, reasonable assumptions 
were incorporated. For example, the Alternative 1 air quality impact assessment 
assumed that all CBM wells would go into production (no dry holes), then oper-
ate at full production levels (no shut-ins) for about 7 years, with an overall 20-
year life of project (LOP). Potential direct project, indirect, and cumulative air 
quality impacts were analyzed to predict maximum potential near-field ambient 
air pollutant concentrations and potential hazardous air pollutant (HAP) impacts, 
as well as to determine maximum far-field ambient air pollutant concentrations, 
visibility, and atmospheric deposition (acid rain) impacts. The methodologies 
used to predict and interpret potential air quality impacts are described in the Air 
Quality appendix (Appendix F). 

Air pollution impacts are limited by state, tribal and federal regulations, stan-
dards, and implementation plans established under the CAA and administered by 
the applicable air quality regulatory agencies (including the WDEQ – Air Quality 
Division [WDEQ-AQD] or the EPA). Although not applicable to the develop-
ment alternatives, the Departments of Environmental Quality for Montana, South 
Dakota, and Nebraska have similar jurisdiction over potential air pollutant emis-
sion sources in their respective states, which can have a cumulative impact with 
WDEQ-AQD approved sources. Air quality regulations require proposed new, or 
modified existing air pollutant emission sources (including CBM compression 
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facilities) to undergo a permitting review before their construction can begin. 
Therefore, the applicable air quality regulatory agencies have the primary author-
ity and responsibility to review permit applications and to require emission per-
mits, fees, and control devices, prior to construction and/or operation. The U.S. 
Congress (through the CAA Section 116) also authorized local, state, and tribal 
air quality regulatory agencies to establish air pollution control requirements 
more (but not less) stringent than federal requirements. Additional site-specific 
air quality analysis would be performed, and additional emission control meas-
ures (including a BACT analysis and determination) may be required by the ap-
plicable air quality regulatory agencies to ensure protection of air quality. 

In addition, under both FLPMA and the CAA, BLM cannot authorize any activ-
ity which does not comply with all applicable local, state, tribal, and federal air 
quality laws, statues, regulations, standards, and implementation plans. An exten-
sive air quality impact assessment technical support document was prepared to 
analyze potential impacts from the development alternatives, as well as other rea-
sonably foreseeable emission sources, and is available for review (Argonne 
2002). 

The significance criteria for potential air quality impacts include state, tribal, and 
federally enforced legal requirements to ensure air pollutant concentrations will 
remain within specific allowable levels. These requirements include the NAAQS 
and WAAQS which set maximum limits for several air pollutants, and PSD in-
crements which limit the incremental increase of certain air pollutants (including 
NO2, PM10, and SO2) above legally defined baseline concentration levels. These 
legal limits were presented in Table 3–12. 

Where legal limits have not been established, BLM uses the best available scien-
tific information to identify thresholds of significant impacts. Thresholds have 
been identified for HAP exposure, incremental cancer risks, potential atmos-
pheric deposition impacts to sensitive lakes, and a “just noticeable change” in 
potential visibility impacts. 

Impacts Common to All Alternatives 
Air quality impacts would occur during construction (due to potential surface 
disturbance by earth-moving equipment, vehicle traffic fugitive dust, well testing, 
as well as drilling rig and vehicle engine exhaust) and production (including non-
CBM well production equipment, booster (field) and pipeline (sales) compres-
sion engine exhausts). The amount of air pollutant emissions during construction 
would be controlled by watering disturbed soils, and by air pollutant emission 
limitations imposed by applicable air quality regulatory agencies. Maximum con-
struction impacts from fugitive dust (24 hour PM10) are estimated to be 55 µg/m3,  
about one third of the applicable WAAQS. Actual air quality impacts depend on 
the amount, duration, location, and emission characteristics of potential emis-
sions sources, as well as meteorological conditions (wind speed and direction, 
precipitation, relative humidity, etc.). 

The HAP impact analysis was based on a maximum assumed six-unit reciprocat-
ing compressor engine station, applicable for all proposed Alternatives, as de-
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scribed in the Air Quality appendix (Appendix F). Since neither the WDEQ-
AQD nor EPA have established HAP standards, predicted 8-hour HAP concen-
trations were compared to a range of 8-hour state maximum Acceptable Ambient 
Concentration Levels (EPA 1997a). Formaldehyde was the only HAP predicted 
to exceed even the lowest threshold level. The maximum predicted cumulative 8-
hour formaldehyde impact was 11.9 µg/m3, which is within the threshold range 
of 4.5 µg/m3 (Pinnellas County Air Pollution Control Board, Florida) to 71 µg/m3 
(State of Nevada, Division of Environmental Protection, Air Quality Control). 
The maximum formaldehyde concentration was predicted to occur at 85 meters 
(less then 300 feet) adjacent to a compressor station; as the distance from the 
emission source increases, the predicted concentrations decrease rapidly. 

Further analysis was conducted to determine the possible incremental cancer-risk 
over a 70 year lifetime for a most likely exposure (MLE) to residents, and to a 
maximally exposed individual (MEI), such as compressor station workers. These 
cancer risks were calculated based on the maximum predicted annual concentra-
tions, EPA’s unit risk factors for carcinogenic compounds (EPA 1997b), and an 
adjustment for time spent at home or on the job. This analysis assumed that resi-
dential exposure would be 20 years (well over the national nine year average du-
ration a family lives at a residence) and worker exposure would be 20 years (the 
full LOP). In addition, it was assumed that family members would be exposed to 
the maximum formaldehyde concentrations 64 percent of the day, and to ¼ of 
this concentration for the remaining 36 percent of the day. 

The resulting incremental cancer risks were calculated to be 1.6 x 10-6 (MLE) 
and 2.2 x 10-6 (MEI). Both of these values fall near the lower end of the 1 to 100 
x 10-6 threshold. The MLE and MEI cancer risks would fall below this threshold 
at 310 and 460 meters away from the emission source, respectively. This distance 
would be even less for smaller compressor stations.  

When reviewing the predicted near- and far-field impacts, it is important to un-
derstand that assumptions were made regarding potential resource development,  
emissions, meteorology,  atmospheric transport and chemistry,  and atmospheric 
deposition. For example, there is uncertainty regarding ultimate development 
(number of wells, equipment to be used, specific locations of wells, etc). 

The following assumptions were used in the analysis: 

 Total predicted short-term air pollutant impact concentrations were as-
sumed to be the sum of the assumed background concentration, plus the 
predicted maximum cumulative modeled concentrations, which may oc-
cur under different meteorological conditions. 

 Assumed background air pollution concentrations were assumed to occur 
throughout the 20-year LOP at all locations in the region, even though 
monitoring is primarily conducted in urban or industrial areas, rather 
than rural areas.  The uniform background PM10 levels for each state are 
assumed to be representative of the background conditions for the entire 
modeled area of the PRB, based on monitoring data gathered throughout 
northeastern Wyoming and southeastern Montana. 
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 The maximum predicted air quality impacts occur only in the vicinity of 
the anticipated emission sources.  Actual impacts would likely be less at 
distances beyond the predicted points of maximum impact. 

 All emission sources were assumed to operate at their reasonably fore-
seeable maximum emission rates simultaneously throughout the LOP.  
Given the number of sources included in this analysis, the co-probability 
of such a scenario actually occurring over an entire year (or even 24-
hours) is small. 

 In developing the emissions inventory and model, there is uncertainty re-
garding ultimate development (i.e., number of wells, equipment to be 
used, specific locations, etc.)  Most (90 percent) proposed CBM wells 
and 30 percent of conventional wells were assumed to be fully opera-
tional and remain operating (no shut ins) throughout the LOP. 

 The total proposed booster (field) and pipeline (sales) compression en-
gines were assumed to operate at their rated capacities continuously 
throughout the LOP (no phased increases or reductions).  In reality, 
compression equipment would be added or removed incrementally as re-
quired by the well field operation, compressor engines would operate be-
low full horsepower ratings, and it is unlikely all compressor stations 
would operate at maximum levels simultaneously. 

 The HAP analyses assumed a 9,900 horsepower, six-unit, reciprocating 
compressor engine station would operate at full load and at maximum 
emission levels continuously throughout the LOP. 

 The emissions inventory and model use peak years of construction and 
peak years of operations, which would not occur throughout the entire 
development region at the same time.  However, it is possible that condi-
tions close to this could occur in some isolated areas. 

 The emissions inventory and model assumed a NOx emission rate for 
compressor engines of 1.5 g/hp-hr in Montana and 1.0 g/hp-hr in Wyo-
ming.  Since BACT is decided on a case-by-case basis, actual emission 
rates could be decided to be less or more than this level by the Depart-
ments of Environmental Quality in Wyoming or Montana, and on Indian 
lands by EPA, for field and sales compressor engines.  Actual NOx emis-
sion rates may range from 0.7 to 2 g/hp-hr. 

 There are no applicable local, state, tribal or federal acid deposition stan-
dards.  In the absence of applicable standards, the acid deposition analy-
sis assumed that a “limit of acceptable change@ is: a 10 percent change in 
acid neutralizing capacity (ANC) for lakes with a background ANC 
greater than 25 µeq/l; or a 1 µeq/l change in ANC for lakes with a back-
ground ANC less than 25 µeq/l, and would be a reasonably foreseeable 
significant adverse impact. Further, the atmospheric deposition impact 
analysis assumed no other ecosystem components would affect lake 
chemistry for a full year (assuming no chemical buffering due to interac-
tion with vegetation or soil materials). 

 The visibility impact analysis assumed that a 1.0 dv “just noticeable 
change” would be a reasonably foreseeable significant adverse impact, 
although there are no applicable local, state, tribal or federal regulatory 
visibility standards.  However, some FLMs are using 0.5 dv as a screen-
ing threshold for significance. 
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 Mitigation measures are included in the emissions inventory and model 
that may not be achievable in all circumstances.  However, actual mitiga-
tion decided by the developers and local and state authorities may be 
greater or less than those assumed in the analysis.  For example, main-
taining a construction road speed limit of 15 mph may be reasonable in a 
construction zone but difficult to enforce elsewhere.  Full (100%) mitiga-
tion of fugitive dust from disturbed lands may not be achievable.  Fur-
ther, 50 percent reduction in fugitive emissions is assumed based on con-
struction road wetting on the unimproved access road to the pad and at 
the pad, but this level of effectiveness is characterized as the maximum 
possible. Wetting was assumed for maintenance traffic, which is not 
likely to occur, but this is considered to be a small effect because of lim-
ited traffic. 

 Induced or secondary growth related to increases in vehicle miles trav-
eled (VMT) (believed to be on the order of 10 percent overall) is not in-
cluded in the emissions inventory and model. Not all fugitive dust emis-
sions (including county and other collector roads) have been included in 
the emissions inventory and model. 

 Fugitive dust emissions from roads are treated as area sources rather than 
line sources in the model, which may thereby reduce or increase the pre-
dicted ambient concentrations at maximum concentration receptor points 
near the source, depending on the inputs to the model (meteorology, ter-
rain, etc.) By not placing modeled receptors close to emission sources 
(e.g. wells and roads), the model may not capture higher ambient concen-
trations near these sources. A more refined, regulatory model may yield 
higher concentrations at locations near fugitive dust sources. 

 For comparisons to the PSD Class I and II increments, the emissions in-
ventory and model included only CBM and non-project sources. Other 
existing increment consuming sources such as Campbell County coal 
mines were not included in this comparison, as the air quality analysis 
does not represent a regulatory PSD increment consumption analysis.  A 
regulatory PSD increment consumption analysis needs to identify and 
consider all PSD increment consuming sources to determine the level of 
PSD Class II increment consumption. Monitoring data in Wyoming has 
indicated an upward trend in PM concentrations in Campbell County 
since 1999, which coincides with CBM development but is also exacer-
bated by prolonged drought in the region. 

 
Given these assumptions, the predicted impacts represent an estimate of potential 
air quality impacts. 

It is important to note that before actual development could occur, the applicable 
air quality regulatory agencies (including the state, tribe or EPA) would review 
specific air pollutant emissions pre-construction permit applications that examine 
source-specific air quality impacts. As part of these permits (depending on source 
size), the air quality regulatory agencies could require additional air quality im-
pacts analyses or mitigation measures. Thus, before development occurs, addi-
tional site-specific air quality analyses would be performed to ensure protection 
of air quality. 
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Impacts from Temporary Generation 
The exact number of temporary natural gas and diesel generators for compressor 
stations cannot be predicted, but at any one time there may be as many as 400 
portable diesel generators and 70 portable gas generators operating. Typical 
emission factors (in grams per horsepower per hour (g/hp-hr)) for these genera-
tors are shown in Table 4–87. Table 4–88 shows the potential ground-level con-
centrations resulting from operation of these temporary generators. 

Table 4–87 Emission Factors for Temporary Generation 

Pollutant Emission Factor Range (g/hp-hr) 
Carbon monoxide 0.3 – 2.0 
Oxides of nitrogen 0.7 – 1.5 
PM2.5 0.03 – 0.07 
Sulfur dioxide 0.002 
Volatile organic compounds 0.5 – 1.0 
Formaldehyde 0.05 – 0.2 

 

Alternative 1 
Potential direct project air quality impacts would not violate any local, state, 
tribal, or federal air quality standards under Alternative 1. Based on extensive air 
quality modeling of potential direct project air quality impacts (Argonne 2002), 
localized short-term increases in CO, NOx, PM10, and SO2 concentrations would 
occur, but all maximum concentrations are expected to be below applicable 
NAAQS and WAAQS. All maximum near-field direct project NO2, PM10 and 
SO2 concentrations are expected to be below applicable PSD Class II increments 
(Table 4–89), and all maximum far-field direct project concentrations are ex-
pected to be below applicable PSD Class I increments (see Appendix F). 

Table 4–88 Near-Field Concentrations from a Single Temporary 
Generator 

Pollutant Averaging Time 
Concentration Range 

(µg/m3) 
WAAQS 
(µg/m3) 

Carbon monoxide 1-hour 
8-hour 

55.3 – 403.1 
33.2 – 242.9 

40,000 
10,000 

Nitrogen dioxide Annual 1.9 – 7.5 100 
PM2.5 24-hour 

Annual 
1.5 – 5.3 
0.1 – 0.4 

65 
15 

Sulfur dioxide 3-hour 
24-hour 
Annual 

0.2 – 0.4 
0.09 – 0.3 

0.007 – 0.013 

1,300 
260 
60 
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Although potential direct project impacts to even the most sensitive far-field 
lakes would not be significant, a “just noticeable change” in visibility was pre-
dicted to occur at eleven mandatory federal Class I areas, ranging up to five days 
at the Washakie Wilderness Area. The maximum potential direct project visibil-
ity impacts were predicted to occur on 20 days per year on the Crow Indian Res-
ervation. A detailed description of the air quality impact analysis is presented in 
the Air Quality appendix (Appendix F). 

Table 4–89 Maximum Potential Near-Field Impacts from Wyoming 
Alternative 1 (with Montana Alternative E) 

Pollutant 
Averaging 
Time 

Project 
(µg/m3) 

Non-Project 
(µg/m3)1 

Cumulative 
(µg/m3) 

PSD Class 
II  (µg/m3)

Background 
(µg/m3) 

Total 
(µg/m3)2 

WAAQS 
(µg/m3) 

NAAQS 
(µg/m3) 

NO2 Annual 8 3 10 25 17 28 100 100 
Annual <1 <1 1 20 3 4 60 80 
24 hour 2 2 3 91 8 11 260 365 

SO2 

3 hour 3 5 5 512 8 13 1,300 1,300 
Annual 3 1 4 17 17 21 50 50 PM10 
24 hour 20 9 31 30 42 73 150 150 
Annual 2 1 2  8 10 15 15 PM2.5 
24 hour 16 9 24  19 43 65 65 
8 hour 156 124 156  1,500 1,656 10,000 10,000 CO 
1 hour 223 142 224  3,500 3,724 40,000 40,000 

Notes: 
1. Non-Project sources include CBM sources in Montana. 
2. The contributions from each source represent maxima and do not necessarily occur at the same location. Therefore, the total 

concentrations will not always equal the sum of the monitored background, Project and Non-Project concentrations. 

 

Alternative 2A 
Potential direct project air quality impacts would not violate any local, state, 
tribal, or federal air quality standards under Alternative 2A. Based on extensive 
air quality modeling of potential direct project air quality impacts (Argonne 
2002), localized short-term increases in CO, NOx, PM10, and SO2 concentrations 
would occur, but all maximum concentrations are expected to be below applica-
ble NAAQS and WAAQS. All maximum near-field direct project NO2, PM10 and 
SO2 concentrations are expected to be below applicable PSD Class II increments 
(Table 4–90), and all maximum far-field direct project concentrations are ex-
pected to be below applicable PSD Class I increments  (see Appendix F). 

Although potential direct project impacts to even the most sensitive far-field 
lakes would not be significant, a “just noticeable change” in visibility was pre-
dicted to occur at 10 mandatory federal Class I areas, ranging from one day at 
two areas up to four days at both the Bridger and Washakie Wilderness Areas. 
The maximum potential direct project visibility impacts were predicted to occur 
on 16 days per year within both the tribal designated PSD Class I Northern 
Cheyenne and the PSD Class II Crow Indian Reservations. A detailed description 
of the air quality impact analysis is presented in the Air Quality appendix (Ap-
pendix F). 
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Table 4–90 Maximum Potential Near-Field Impacts from Wyoming 
Alternative 2A (with Montana Alternative E) 

Pollutant 
Averaging 
Time 

Project 
(µg/m3) 

Non-Project 
(µg/m3)1 

Cumulative 
(µg/m3) 

PSD Class II 
(µg/m3) 

Background 
(µg/m3) 

Total 
(µg/m3)2 

WAAQS 
(µg/m3) 

NAAQS 
(µg/m3) 

NO2 Annual 7 3 10 25 17 27 100 100 
Annual <1 <1 1 20 3 4 60 80 
24 hour 2 2 3 91 8 11 260 365 

SO2 

3 hour 3 5 5 512 8 13 1,300 1,300 
Annual 3 1 4 17 17 21 50 50 PM10 
24 hour 17 9 28 30 42 70 150 150 
Annual 1 1 2  8 10 15 15 PM2.5 
24 hour 13 9 12  19 40 65 65 
8 hour 93 124 132  1,500 1,632 10,000 10,000 CO 
1 hour 158 142 197  3,500 3,697 40,000 40,000 

Notes: 
1. Non-Project sources include CBM sources in Montana. 
2. The contributions from each source represent maxima and do not necessarily occur at the same location. Therefore, the total 

concentrations will not always equal the sum of the monitored background, Project and Non-Project concentrations. 

 

Alternative 2B 
Potential direct project air quality impacts would not violate any local, state, 
tribal, or federal air quality standards under Alternative 2B. Based on extensive 
air quality modeling of potential direct project air quality impacts (Argonne 
2002), localized short-term increases in CO, NOx, PM10, and SO2 concentrations 
would occur, but all maximum concentrations are expected to be below applica-
ble NAAQS and WAAQS. All maximum near-field direct project NO2, PM10 and 
SO2 concentrations are expected to be below applicable PSD Class II increments 
(Table 4–91), and all maximum far-field direct project concentrations are ex-
pected to be below applicable PSD Class I increments (see Appendix F). 

Although potential direct project impacts to even the most sensitive far-field 
lakes would not be significant, a “just noticeable change” in visibility was pre-
dicted to occur at nine mandatory federal Class I areas, ranging from one day at 
three areas up to four days at the Washakie Wilderness Area. The maximum po-
tential direct project visibility impacts were predicted to occur on 14 days per 
year within the tribal designated PSD Class I Northern Cheyenne and the PSD 
Class II Crow Indian Reservations. A detailed description of the air quality im-
pact analysis is presented in the Air Quality appendix (Appendix F). 

Table 4–91 Maximum Potential Near-Field Impacts from Wyoming 
Alternative 2B (with Montana Alternative E) 

Pollutant 
Averaging 

Time 
Project 
(µg/m3)

Non-Project 
(µg/m3)1 

Cumulative 
(µg/m3) 

PSD Class II
(µg/m3) 

Background 
(µg/m3) 

Total 
(µg/m3)2 

WAAQS 
(µg/m3) 

NAAQS 
(µg/m3) 

NO2 Annual 6 3 9 25 17 26 100 100 
Annual <1 <1 1 20 3 4 60 80 
24 hour 2 2 3 91 8 11 260 365 

SO2 

3 hour 3 45 5 512 8 13 1300 1300 
Annual 3 1 4 17 17 20.72 50 50 PM10 
24 hour 15 9 25 30 42 67.45 150 150 
Annual 1 1 2  8 9.97 15 15 PM2.5 
24 hour 11 9 19  19 38.03 65 65 
8 hour 77 124 124  1,500 1,624 10,000 10,000 CO 
1 hour 157 142 170  3,500 3,670 40,000 40,000 

Notes: 
1. Non-Project sources include CBM sources in Montana. 
2. The contributions from each source represent maxima and do not necessarily occur at the same location. Therefore, the total 

concentrations will not always equal the sum of the monitored background, Project and Non-Project concentrations. 
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Alternative 3 
Potential direct project air quality impacts would not violate any local, state, 
tribal, or federal air quality standards under Alternative 3. Based on extensive air 
quality modeling of potential direct project air quality impacts (Argonne 2002), 
localized short-term increases in CO, NOx, PM10, and SO2 concentrations would 
occur, but all maximum concentrations are expected to be below applicable 
NAAQS and WAAQS. All maximum near-field direct project NO2, PM10 and 
SO2 concentrations are expected to be below applicable PSD Class II increments 
(Table 4–92), and all maximum far-field concentrations are expected to be below 
applicable PSD Class I increments  (see Appendix F). 

Although potential direct project impacts to even the most sensitive far-field 
lakes would not be significant, a “just noticeable change” in visibility was pre-
dicted to occur one day per year at the mandatory federal Class I Bridger, Fitz-
patrick and Washakie Wilderness Areas. The maximum potential direct project 
visibility impacts were predicted to occur on 10 days per year on the Crow Indian 
Reservation. A detailed description of the air quality impact analysis is presented 
in the Air Quality appendix (Appendix F). 

Table 4–92 Maximum Potential Near-Field Impacts from Wyoming 
Alternative 3  (with Montana Alternative E) 

Pollutant 
Averaging 
Time 

Averaging 
Time 

Project 
(µg/m3) 

Non-Project 
(µg/m3)1 

Cumulative 
(µg/m3) 

PSD Class II 
(µg/m3) 

Background 
(µg/m3) 

Total 
(µg/m3)2 

WAAQS 
(µg/m3) 

NO2 Annual 3 3 6 25 17 23 100 100 
Annual <1 <1 <1 20 3 3 60 80 
24 hour 1 1.75 2 91 8 10 260 365 

SO2 

3 hour 1 4.53 5 512 8 13 1,300 1,300 
Annual 1 0.86 2 17 17 19 50 50 PM10 
24 hour 7 9.34 16 30 42 58 150 150 
Annual <1 0.7 1  8 9 15 15 PM2.5 
24 hour 6 8.55 13  19 32 65 65 
8 hour 183 123.95 183  1,500 1,683 10,000 10,000 CO 
1 hour 261 141.72 261  3,500 3,761 40,000 40,000 

Notes: 
1. Non-Project sources include CBM sources in Montana. 
2. The contributions from each source represent maxima and do not necessarily occur at the same location. Therefore, the total 

concentrations will not always equal the sum of the monitored background, Project and Non-Project concentrations. 

 

Cumulative Impacts 
Based on a separate assessment predicting potential far-field cumulative air qual-
ity impacts (Argonne 2002), the EPA CALMET/CALPUFF dispersion model 
system was used to predict maximum potential air quality impacts at downwind 
mandatory federal PSD Class I areas, and other sensitive receptors, to: 1) deter-
mine if the WAAQS,  NAAQS or PSD Class I increments might be exceeded; 2) 
calculate potential nitrate and sulfate atmospheric deposition (and their related 
impacts) in sensitive lakes; and 3) predict potential impacts to visibility (regional 
haze). 

Meteorological information was assembled to characterize atmospheric transport 
and dispersion from several data sources, including: 1) 4 km gridded wind field 
values derived from the MM5 (mesoscale model) with continuous four-
dimensional data assimilation; and 2) hourly surface observations (wind speed, 
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wind direction, temperature, cloud cover, ceiling height, surface pressure, relative 
humidity, and precipitation). 

For each Alternative, potential air pollutant project  sources  were combined with 
non-project sources to determine the total potential cumulative air quality im-
pacts. This included potential cumulative sources from the Montana Statewide 
Draft Oil and Gas EIS sources. The range of potential cumulative impacts corre-
spond to including either the Montana Alternative A (low) or the Montana Alter-
native B/C/E (high) emission sources. 

As described above, potential CO and NOx emissions from reasonably foresee-
able booster (field) and pipeline (sales) compressor stations, as well as PM2.5, 
PM10, and SO2 emissions from construction equipment, were analyzed to predict 
potential maximum near-field PSD Class II impacts, as well as potential far-field 
impacts at 29 mandatory federal PSD Class I and other sensitive areas located in 
Wyoming, Montana, North and South Dakota, and Nebraska (Argonne 2002). 
Total concentrations are expected to be in compliance with applicable WAAQS 
and NAAQS  (see Appendix F). Table 4–93 presents the maximum predicted air 
pollutant concentrations at specified PSD Class I areas. 

Table 4–93 Maximum Predicted PSD Class I Area Cumulative Far-Field 
Impacts (in µg/m3) Alternative 1 (Proposed Action) 

Pollutant 
Averaging 
Period Class I Area 

Maximum 
Modeled Conc. 
(Cumulative) 

PSD 
Class I Increment

Nitrogen dioxide Annual Northern Cheyenne Reservation 4.2 2.5 
PM10 24-hour 

 
 
 
Annual 

Northern Cheyenne Reservation 
 
 
Northern Cheyenne Reservation 

12.8 
 
 
 

1.7 
 

8 
 
 
 

4 
 
 

Sulfur dioxide 3-hour 
 
 
24-hour 
 
 
Annual 

Northern Cheyenne Reservation 
 
Absaroka-Beartooth 
Wilderness 
 
Northern Cheyenne Reservation 

5.1 
 
 

2.4 
 
 

0.3 

25 
 
 

5 
 
 

2 
Source: Argonne 2002 

 

Under all four Alternatives (1, 2A, 2B, and 3), potential non-project and cumula-
tive annual NO2 concentrations (ranging from 4.1 to 4.2 µg/m3) were predicted 
to be above the PSD Class I increment (2.5 µg/m3) within the Northern Cheyenne 
Reservation. Under all four alternatives, potential project and cumulative 24-hour 
PM10 concentrations (ranging from 10.7 to 12.8 µg/m3) were above the PSD 
Class I increment (8 µg/m3) within the Northern Cheyenne Reservation. Under 
Alternatives 1, 2A, and 2B, cumulative 24-hour PM10 concentrations (ranging 
from 8.5 to 9.2 µg/m3) were also predicted to be above the PSD Class I increment 
(8 µg/m3) within the Washakie Wilderness Area. As described in the Air Quality 
Appendix (Appendix F), other PSD Class I areas  had predicted far-field impacts 
below applicable increments. All PSD Class II areas had predicted far-field im-
pacts below applicable PSD increments. This NEPA analysis compares potential 
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air quality impacts from the proposed Alternatives to applicable ambient air qual-
ity standards and PSD increments, but comparisons to the PSD Class I and II in-
crements are intended to evaluate a threshold of concern for potential impacts, 
and do not represent a regulatory PSD Increment Consumption Analysis. Even 
though most of the development activities would occur within areas designated 
PSD Class II, the potential impacts on regional Class I areas are to be evaluated. 
For a new source review air quality permit application for a major source, the 
applicable air quality regulatory agencies may require a regulatory PSD incre-
ment analysis. More stringent emission controls beyond BACT may be stipulated 
in the air quality permit if impacts are predicted to be greater than the PSD Class 
I or II increments. 

Several lakes within four FS-designated wilderness areas were identified as being 
sensitive to atmospheric deposition and for which the most recent and complete 
data have been collected. The FS has also identified the following Limit of Ac-
ceptable Change regarding potential changes in lake chemistry: no more than a 
10 percent change in ANC for those water bodies where the existing ANC is at or 
above 25 µeq/L; and no more than a one µeq/L change for those extremely sensi-
tive water bodies where the existing ANC is below 25 µeq/L.  

Based on a Rocky Mountain Region FS screening method (FS 2000), Table 4–94 
demonstrates that potential impacts to most sensitive lakes would be below ap-
plicable significance thresholds. However, under all four Alternatives (1, 2A, 2B, 
and 3), potential non-project  ANC impacts (1.3 µeq/L)were predicted to exceed 
the 1.0 µeq/L impact threshold at the very sensitive Upper Frozen Lake within 
the PSD Class I Bridger Wilderness Area. Cumulative ANC impacts ranged from 
1.6 to 1.8 µeq/L.  Nearly 12 to 27 percent of these impacts are due to direct con-
tributions from Alternatives 1, 2A, 2B, and 3 alone. In addition, under Alterna-
tives 1 and 2A cumulative ANC impacts (up to 10.7 percent) were predicted to 
exceed the 10 percent impact threshold at the Florence Lake within the PSD 
Class II Cloud Peak Wilderness Area. Nearly 29 and 27 percent of these impacts 
are due to direct contributions from Alternatives 1 and 2A, respectively. Potential 
impacts at all other sensitive lakes (and under all Alternatives) were below the 
ANC threshold levels. No sensitive lakes were identified by either the U.S. De-
partment of the Interior (USDI) National Park Service (NPS) or USFWS. 

Since the development of the project and non-project air pollutant emission 
sources constitute many small sources spread out over a very large area, discrete 
visible plumes are not likely to affect the mandatory federal PSD Class I areas, 
but the potential for cumulative visibility impacts (increased regional haze) is a 
concern. Regional haze degradation is caused by fine particles and gases scatter-
ing and absorbing light. Potential changes to regional haze are calculated in terms 
of a perceptible “just noticeable change” (1.0 dv) in visibility when compared to 
background conditions. 
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Table 4–94 Predicted Total Cumulative Change in Acid Neutralizing 
Capacity at Sensitive Area Lakes (percent change) 

Wilderness 
Area Lake Background 

ANC (µeq/L)
Area 

(hectares)
Change 

(percent) 
Thresholds 
(percent) 

Bridger Black Joe 
Deep 
Hobbs 
Upper Frozen 

69 
61 
68 

5.8a 

890 
205 
293 
65 

2.2 to 2.1 
2.5 to 3.0 
1.3 to 1.5 
1.6 to 1.9b 

10 
10 
10 
1b 

Fitzpatrick Ross 61.4 4,455 1.8 to 2.1 10 
Absaroka-
Beartooth 

Stepping Stone 
Twin Island 

27 
36 

26 
45 

2.3 to 2.5 
1.6 to 1.8 

10 
10 

Cloud Peak Emerald 
Florence 

55.3 
32.7 

293 
417 

5.0 to 6.0 
8.9 to 10.7 

10 
10 

Popo Agie Lower Saddlebag 55.5 155 3.2 to 3.8 10 
Notes: 
a. The background concentration is based on only six samples taken on four days between 1997 

and 2001. 
b. Since the background ANC value is less than 25 µeq/L, the potential ANC change is 

expressed in µeq/L, and the applicable threshold is one µeq/L 
Source: Argonne 2002 

 

A 1.0 dv change is considered a small but noticeable change in haziness as de-
scribed in the Preamble to the EPA Regional Haze Regulations (Federal Register, 
Vol. 64 No. 126, dated July 1, 1999). A 1.0 dv change is defined as about a 
10 percent change in the extinction coefficient (corresponding to a 2 to 5 percent 
change in contrast, for a black target against a uniform sky, at the most optically 
sensitive distance from an observer), which is a small but noticeable change in 
haziness under most circumstances when viewing scenes within mandatory fed-
eral Class I areas. 

It should be noted that a 1.0 dv change is not a “just noticeable change” in all 
cases for all scenes. Visibility changes less than 1.0 dv are likely to be percepti-
ble in some cases, especially where the scene being viewed is highly sensitive to 
small amounts of pollution, such as due to preferential forward light scattering. 
Under other view-specific conditions, such as where the sight path to a scenic 
feature is less than the maximum visual range, a change greater than 1.0 dv might 
be required to be a “just noticeable change.” 

However, this NEPA analysis is not designed to predict specific visibility im-
pacts for specific views in specific mandatory federal Class I areas based on spe-
cific project designs, but to characterize reasonably foreseeable visibility condi-
tions that are representative of a fairly broad geographic region, based on reason-
able emission source assumptions. This approach is consistent with both the na-
ture of regional haze and the requirements of NEPA. At the time of a pre-
construction air quality PSD permit application, the applicable air quality regula-
tory agency may require a much more detailed visibility impact analysis. Factors 
such as the magnitude of dv change, frequency, time of the year, and the mete-
orological conditions during times when predicted visibility impacts are above 
the 1.0 dv threshold (as well as the modeling analyses assumptions) should all be 
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considered when assessing the significance of predicted impacts. 

The FS, NPS, and USFWS have published their Final FLAG Phase I Report 
(Federal Register, Vol. 66 No. 2, dated January 3, 2001), providing “a consistent 
and predictable process for assessing the impacts of new and existing sources on 
AQRVs” including visibility. For example, the FLAG report states “A cumula-
tive effects analysis of new growth (defined as all PSD increment-consuming 
sources) on visibility impairment should be performed,” and further, “If the visi-
bility impairment from the proposed action, in combination with cumulative new 
source growth, is less than a change in extinction of 10 percent [1.0 dv] for all 
time periods, the FLMs will not likely object to the proposed action.” Although 
the FLAG procedures were primarily designed to provide analysis guidance to 
PSD permit applicants, the following analysis uses the Final FLAG Phase I Re-
port procedures for this NEPA analysis. 

Based on multiple iterations of the non-steady state CALPUFF dispersion model-
ing system, including the CALMET meteorological model, for four different de-
velopment alternatives, potential cumulative visibility impacts estimated by the 
seasonal FLAG screening method exceeded the impact thresholds (including the 
use of FLAG and WDEQ-AQD provided background extinction values) at all 29 
sensitive areas analyzed. Therefore, potential maximum visibility impacts were 
estimated using the daily FLAG refined method (based on hourly optical extinc-
tion and relative humidity values measured at two IMPROVE monitoring loca-
tions) for each Class I and Class II sensitive area. Although the potential modeled 
impacts for each sensitive area were based on 1996 MM5 regional meteorology, 
these values were compared to hourly optical extinction and relative humidity 
data collected at two locations in the Project Area between 1989 and 1999. 

For example, since the 1.0 dv threshold was predicted to be reached within the 
mandatory federal PSD Class I Washakie Wilderness Area based on the seasonal 
FLAG screening methodology, the maximum modeled cumulative impacts at that 
area were also compared to representative hourly optical and relative humidity 
values measured at Bridger Wilderness Area between 1989 and 1999 using the 
daily FLAG refined method (Table 4–95). The range of impacts was then sum-
marized as the maximum annual average number of days predicted to equal or 
exceed a 1.0 dv “just noticeable change” (Table 4–96). Table 4–97 shows pre-
dicted visibility impacts in Class I Areas using the daily FLAG refined method. 

The prediction of potential visibility impacts based on the daily FLAG refined 
methodology using measured optical extinction conditions is intended to disclose 
potential air quality impacts of the Proposed Action and Alternatives on the Af-
fected Environment to the public and decision maker before an action is taken. It 
is not intended to be an air quality regulatory analysis. Such analysis would be 
conducted by the applicable air quality regulatory agencies. 
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Table 4–95 Predicted Visibility Impacts in the Mandatory Federal PSD 
Class I Washakie Wilderness Area from Direct Alternative 
Sources - Daily FLAG Refined Method (Average Number of 
Days per Year Predicted to Equal or Exceed a 1.0 dv “Just 
Noticeable Change”) 

Alternative 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
1 4 2 7 6 4 7 4 6 7 2 6 
2A 2 2 6 5 4 6 4 5 5 1 4 
2B 1 2 6 5 3 6 4 4 5 1 3 
3 1 0 4 3 1 1 2 2 2 0 0 
Note: 
Potential cumulative visibility impacts were predicted using daily background optical and relative humidity 
conditions for each of the years listed above. 
Source: Argonne 2002 

 

Table 4–96 Predicted Visibility Impacts in Class I Areas – Daily FLAG Refined Method 
(Average Number of Days per Year Predicted to Equal or Exceed a 1.0 dv “Just 
Noticeable Change”) 

Class I  Area Alt 1 Alt 2A Alt 2B Alt 3 Non-Project 
Sources Cum Sources

Badlands Wilderness Area1 3 3 1 0 13 to 17 18 to 28 
Bridger Wilderness Area 4 4 3 1 7 to 9 8 to 12 
Fitzpatrick Wilderness Area 4 3 3 1 6 to 9 8 to 12 
Gates of the Mtns Wilderness Area 0 0 0 0 3 to 4 3 to 4 
Grand Teton National Park 1 1 0 0 3 to 5 4 to 8 
North Absaroka Wilderness Area 4 3 2 0 9 to 13 11 to 15 
Red Rock Lakes Wilderness Area 0 0 0 0 0 to 1 0 to 3 
Scapegoat Wilderness Area 0 0 0 0 2 to 2 2 to 3 
Teton Wilderness Area 3 3 2 0 6 to 9 7 to 11 
Theodore Roosevelt NMP2 (North Unit) 0 0 0 0 1 to 1 1 to 3 
Theodore Roosevelt NMP2 (South Unit) 1 0 0 0 1 to 3 2 to 7 
U.L. Bend Wilderness Area 1 1 1 0 4 to 5 5 to 8 
Washakie Wilderness Area 5 4 4 1 10 to 14 12 to 18 
Wind Cave National Park 4 3 2 0 17 to 21 22 to 28 
Yellowstone National Park 3 2 1 0 8 to 11 9 to 13 
Northern Cheyenne Reservation3 17 16 14 7 27 to 82 33 to 92 
Notes:  
1. The U.S. Congress designated the Wilderness Area portion of Badlands National Park as a mandatory federal PSD Class I area. The remain-

der of Badlands National Park is a PSD Class II area. 
2. NMP - National Memorial Park. 
3. Although the Northern Cheyenne Reservation is a tribal designated PSD Class I Area, it is not a mandatory federal PSD Class I area subject 

to EPA’s Regional Haze Regulations. 
Non-Project Sources – The impact of all air pollutant emission sources not included in Alt 1, Alt 2A, Alt 2B or Alt 3, including the Montana 

“Powder River Basin Oil and Gas Project” DEIS sources. The range of potential annual average days above a 1.0 dv “just noticeable change” 
in visibility corresponds to including Montana Alternative A (low) to Montana Alternative B/C/E (high). 

Cum Sources – The impact of all cumulative air pollutant emission sources combined, including the Alt 1, Alt 2A, Alt 2B, Alt 3, and Non-
Project Sources, including the Montana “Powder River Basin Oil and Gas Project” DEIS sources. The range of potential annual average days 
above a 1.0 dv “just noticeable change” in visibility corresponds to: includingNon-Project, Wyoming Alternative 3 and Montana Alternative 
A sources (low); up to includingProject, Wyoming Alternative 1 and Montana Alternative B/C/E sources (high). 

Source: Argonne 2002 
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Table 4–97 Predicted Visibility Impacts in Class I Areas – Daily FLAG 
Refined Method (Maximum cumulative deciview change) 

 Alternative 
Class I area 1 2A 2B 3 
Badlands Wilderness Area 10.91 10.67 10.43 9.46 
Bridger Wilderness Area 13.28 12.67 12.21 11.15 
Fitzpatrick Wilderness Area 16.57 15.83 15.21 14.01 
Gates of the Mtns Wilderness Area 14.99 14.61 14.22 13.17 
Grand Teton National Park 6.95 6.67 6.44 5.8 
North Absaroka Wilderness Area 14.89 14.12 13.51 12.21 
Red Rock Lakes Wilderness Area 2.85 2.75 2.67 2.37 
Scapegoat Wilderness Area 9.89 9.58 9.35 8.55 
Teton Wilderness Area 14.59 13.97 13.46 12.38 
Theodore Roosevelt NMP2 (North Unit) 3.65 3.46 3.29 2.75 
Theodore Roosevelt NMP2 (South Unit) 4.62 4.37 4.14 3.51 
U.L. Bend Wilderness Area 29.05 27.97 26.97 24.01 
Washakie Wilderness Area 24.79 23.82 22.96 21.48 
Wind Cave National Park 9.05 8.81 8.59 8.06 
Yellowstone National Park 12.79 12.19 11.59 10.25 
Northern Cheyenne Reservation3 54.75 52.8 50.71 45.02 

 

It is important to note that before actual development could occur, the applicable 
air quality regulatory agencies (including the state, tribe or EPA) would review 
specific air pollutant emissions pre-construction permit applications that examine 
source-specific air quality impacts. As part of these permits (depending on source 
size), the air quality regulatory agencies could require additional air quality im-
pacts analyses or mitigation measures. Thus, before development occurs, addi-
tional site-specific air quality analyses would be performed to ensure protection 
of air quality. For further mitigation information see the air quality appendix. 

Mitigation 
Through the analysis, several potential mitigation measures were identified to 
avoid, reduce, or minimize adverse effects to various resources. The BLM and 
FS can require these measures for leases with federal land surface and federal 
minerals and non-federal land surface and federal minerals (split estate). These 
are new measures in addition to mitigation measures that have been carried for-
ward from the Wyodak FEIS and ROD and the Wyodak Drainage EA and Deci-
sion Notice and are included in Appendix C. and Appendix M. Any of the fol-
lowing mitigation measures may be adopted by the decision makers. Those 
measures adopted by the decision makers will be disclosed in the ROD. Those 
adopted will be added or will replace or revise the mitigation measures already 
identified in the programmatic mitigation plan. 

Groundwater 
1. Concerns exist about the interaction between reservoirs and shallow 

groundwater. At impoundment locations, it may be necessary to conduct 
investigations at representative sites around the basin to quantify impacts 
of water infiltration and lateral movement. Shallow groundwater wells 
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would be installed and regularly sampled in areas where it has been de-
termined during pre-construction that class 1 groundwater may be af-
fected by infiltration or potential for lateral movement exists. 

Surface Water 
2. Channel crossings by pipelines would be constructed so that the pipe is 

buried at least four feet below the channel bottom. 
3. Channel crossings by road and pipelines would be constructed perpen-

dicular to flow. Culverts would be installed at appropriate locations for 
streams and channels crossed by roads as specified in the BLM Manual 
9112-Bridges and Major Culverts and Manual 9113-Roads. Streams 
would be crossed perpendicular to flow, where possible, and all stream 
crossing structures would be designed to carry the 25-year discharge 
event or other capacities as directed by the BLM. 

4. Disturbed channel beds would be reshaped to their approximate original 
configuration and stabilized by appropriate means. 

5. Areas where natural springs are present, operators would be required to 
identify, inventory, and monitor these springs as part of their water man-
agement plan development. 

6. Concerns regarding the quality of the discharged CBM water for irriga-
tion use may require operators to increase the amount of storage of CBM 
water during the irrigation months and allow more surface discharge dur-
ing the non-irrigation months. 

7. Concerns regarding the potential for discharges of CBM water to reach 
the main stems would be minimized by locating discharge outfalls higher 
in ephemeral and intermittent drainages or near the drainage divide. 

Soils 
8. Land application of produced water has the potential to produce nega-

tive, long term impacts to soil physical and chemical properties if not 
properly managed. Proposals to land apply CBM produced water on fed-
eral projects must include the following information as part of the ex-
ploratory and/or permanent water management plans: 

Site characterization:  The site characterization must include field 
investigations of soils and vegetation. The site would be described in 
detail, and soil samples would be collected and analyzed to deter-
mine important soil chemical and physical properties.  Site descrip-
tions would include maps, vegetation descriptions, soils descriptions, 
laboratory analysis and location of proposed application sites.  Photo 
documentation of the site would be included. Laboratory analysis of 
produced water would also be included with the site characterization 
study. 
Project description:  The project description must include the pro-
posed method(s) of water application, application rates and schedules 
and physical layout of application areas. Complete maps of the ap-
plication infrastructure would be included. Details on any soil or wa-
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ter amendments that would be used or physical soil manipulations 
that would be planned. Project descriptions would demonstrate that 
land application is feasible given the results of the site characteriza-
tion. 
Monitoring Plan:  Periodic monitoring of soils and vegetation would 
be required of the operator to assure that negative impacts are not 
occurring, or are being remediated. Monitoring must include soil 
sampling and laboratory analysis. 
Winter operations:  Detail practices that would be used to prevent the 
buildup of ice on the soil surface during sub freezing temperatures. 
Mitigation Plan:  A plan must be developed which outlines mitiga-
tion measures that would be implemented by the operator in the 
event negative soils or vegetation impacts are detected during routine 
monitoring. Potential mitigation measures might include, but not be 
limited to, soil or water amendments, physical manipulation or vege-
tative treatments. 
These criteria are general in nature, and must be adjusted to site-
specific conditions. Detailed soil sampling criteria have not yet been 
developed, so project proposals will be evaluated on a case-by-case 
basis during the interim. More specific guidance/requirements may 
be forthcoming as the result on ongoing research and coordination. 

9. The Companies would segregate soil horizons during excavation of all 
project facilities and avoid mixing of soil horizons during stockpiling and 
redistribution of soils. 

10. The Companies would test sediments deposited in impoundments before 
reclaiming the impoundments. Tests would include the standard suite of 
cations, ions, and nutrients that would be monitored in surface water test-
ing and any trace metals found in the CBM discharges at concentrations 
exceeding detectable limits. 

Cultural Resources 
11. The Companies would conduct CBM development in and around the 

Crazy Woman Battlefield in a way that preserves the eligibility of the 
site for nomination to the National Register of Historic Places. Approvals 
of APDs and PODs would require prior coordination with the SHPO and 
BLM’s archaeologists. 

12. For development within 0.5 mile either side of the Bozeman Trail, com-
panies would conduct evaluation of segments to determine their eligibil-
ity to the National Register of Historic Places. Mitigation of adverse im-
pacts to segments of the trail that contributes to its eligibility for the 
NRHP would be determined on a case-by-case basis. 

13. Should human remains be unearthed during construction, procedures out-
lined in the human remains plan (Appendix L) would be followed. 

14. At a minimum, all areas of proposed ground disturbing activity would be 
intensively inventoried for cultural resources in conformance with mini-
mal BLM Class III survey standards at the APD, POD or Sundry Notice 
phase of each proposed Federal undertaking. For CBM well fields or 
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PODs, a block survey of the entire project area early in the planning 
phase is highly recommended by the BLM and is required by the FS. All 
sites within the proposed project area must be evaluated for eligibility to 
the NRHP. 

Specific plans for avoidance and protection or minimization of adverse 
direct or indirect effects would be recommended for any historic proper-
ties within the areas of potential effect of proposed project activities. 
Prior to implementation, these plans must be approved by the BLM or 
FS, as appropriate, SHPO, and, if applicable, by the private surface 
owner. Such plans might include, but are not limited to the following 
constraints, stipulations, or actions: 

 Relocation, redesign or constraint of project facilities and infrastruc-
ture to avoid or minimize earth disturbance within historic properties 
or contributing portions of historic properties, or to avoid or mini-
mize indirect effects or intrusions caused by vibration, dust, exhaust, 
or noise. This may include barricading or fencing of sensitive areas 
and buffer zones. 

 Relocation, redesign, or constraint of project facilities and infrastruc-
ture to avoid or minimize visual intrusion on a sensitive historic, tra-
ditional, or religious setting. This might include low profile facilities, 
non-intrusive colors, landscaping, berms, screening with vegetation, 
or other measures to minimize visual impact. 

 Stabilization of sediments, bedrock, or structures that could be desta-
bilized, or could deteriorate, as a result of nearby project activities 
and identification of an appropriate buffer zone. 

 Restriction or prevention of access to sensitive areas. 
 Rehabilitation of buildings or structures, or protective screening of 

art work to minimize deterioration. 
 Detailed documentation, possibly including archival photodocumen-

tation, of contributing structures, landscape features, or aspects of 
historic setting that cannot feasibly be avoided. In some cases it may 
be feasible to restore some of these contributing features after con-
struction has been completed. 

 Detailed recordation or data recovery of the essential contributing 
elements of a historic property that cannot be avoided or protected. 
Recordation may include archival, documentary, and contextual re-
search related to the historic property in addition to site documenta-
tion. Data recovery is the systematic recovery of data important in 
history or prehistory for which the property is considered eligible. 
Data recovery for prehistoric or historic archaeological sites typically 
entails excavation of buried materials and detailed documentation of 
stratigraphic context. 

Vegetation 
15. Companies would be required to submit an integrated pest management 

plan (Appendix N) as a component of the APD and POD approval proc-
ess. The components of the integrated pest management plans are out-
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lined in the BFO CBM APD and POD Preparation Guide. Companies 
would need to contact County Weed and Pest offices to ascertain infor-
mation about weeds in the area of their APD or POD. Mitigation would 
be determined on a site-specific basis and may include such measures as 
spraying herbicides before entering areas and washing vehicles before 
leaving infested areas. 

16. Any mulch and seed used for reclamation needs to be certified weed free 
and current year’s tested. 

17. Weed educational material would be reviewed with operators during pre-
construction on-site meetings with operators, subcontractors, and land-
owners and would also be attached to approved APDs and PODs. 

Wetland/Riparian 
18. To protect the biological and hydrologic feastures of riparian areas, 

woody draws, wetlands, and floodplains, all well pads, compressors, and 
other non-linear facilities would be located outside of these areas. 

19. The Companies would inventory and map riparian areas that cannot tol-
erate year-round inundation of root zones in the area of each APD or 
POD. Facilities to handle the water discharged from CBM wells would 
be developed to avoid inundation of these riparian areas. 

20. Crossings of wetland/riparian areas by linear features, such as pipelines, 
roads, and power lines would be avoided to the extent practicable. Where 
crossings cannot be avoided, impacts would be minimized through use of 
the following measures: 

 Site-specific mitigation plans would be developed during the 
APD, POD, or Sundry Notice approval process for all proposed 
disturbance to wetland/riparian areas. 

 Crossings would be constructed perpendicular to wetland/
riparian areas, where practical. 

 For power lines, the minimum number of poles necessary to 
cross the area would be used. 

 Wetland areas would be disturbed only during dry conditions 
(that is, during late summer or fall), or when the ground is frozen 
during the winter. 

 No waste material would be deposited below high water lines in 
riparian areas, flood plains, or in natural drainage ways. 

 The lower edge of soil or other material stockpiles would be lo-
cated outside the active floodplain. 

 Drilling mud pits would be located outside of riparian areas, wet-
lands, and floodplains, where practical. 

 Disturbed channels would be re-shaped to their original 
configuration and properly stabilized. 

 Reclamation of disturbed wetland/riparian areas would begin 
immediately after project activities are complete. 
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Wildlife 
21. For any surface-disturbing activities proposed in sagebrush shrublands, 

the Companies would conduct clearance surveys for sage grouse breed-
ing activity during the sage grouse’s breeding season before initiating the 
activities. The surveys must encompass all sagebrush shrublands within 
0.5 mile of the proposed activities. 

22. The Companies would locate compressor stations so that noise from the 
stations at any nearby sage grouse or sharp-tailed grouse display grounds 
does not exceed 49 decibels (10 dBA above background noise) at the 
display ground. 

23. The Companies would construct power lines to minimize the potential 
for raptor collisions with the lines. Potential modifications include bury-
ing the lines, avoiding areas of high avian use (for example, wetlands, 
prairie dog towns, and grouse leks), and increasing the visibility of the 
individual conductors. 

24. The Companies would locate aboveground power lines, where practical, 
at least 0.5 mile from any sage grouse breeding or nesting grounds to 
prevent raptor predation and sage grouse collision with the conductors. 
Power poles within 0.5 mile of any sage grouse breeding ground would 
be raptor-proofed to prevent raptors from perching on the poles. 

25. The Companies would locate impoundments to avoid sagebrush shrub-
lands, where practical. 

26. Containment impoundments would be fenced to exclude wildlife and 
livestock. If they are not fenced, they would be designed and constructed 
to prevent entrapment and drowning. 

27. The Companies would limit the construction of aboveground power lines 
near streams, water bodies, and wetlands to minimize the potential for 
waterfowl colliding with power lines. 

Aquatics Species 
28. In ponds developed where the primary objective is as a fishery, water 

quality would be sampled by the Companies on an annual basis for sele-
nium, TDS, salinity, temperature, pH, dissolved oxygen, and sodium bi-
carbonate. 

29. The Companies would fence impoundments in areas that are developed 
for fisheries to exclude livestock, if agreed upon with the landowner. 

30. Stream channel monitoring for erosion, degradation, and riparian health 
would be conducted on an annual basis. Surveys would include no less 
than one stream reach above all CBM discharges and several stream 
reaches below CBM discharges. Where monitoring occurs, a station 
would be placed above all CBM outfalls and one below all CBM out-
falls, at least on main stems. 

31. Sub-watersheds that would receive CBM produced waters and would be 
monitored for macroinvertebrates and fish populations include: Upper 
Tongue River, Upper Powder River, Salt Creek, Crazy Woman Creek, 
Clear Creek, Middle Powder River, Little Powder River, Antelope 
Creek, Upper Cheyenne River, and Upper Belle Fourche River. Sam-
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pling sites would be established at existing flow and water quality moni-
toring stations where possible. Sampling would occur on an annual basis 
during low-flow periods, and all data collected would be entered into a 
central database. Collected data may include species occurrence, species 
count, population demographics, and water quality and quantity meas-
ures. Fish samples may be collected and submitted for chemical analysis. 
Results of this analysis could be used to evaluate specific analyte con-
centrations in fish tissues and appropriate toxicological benchmarks. At 
least two sampling locations per stream or river would be established in 
these watersheds: 

 Upper Tongue River – (1) between the Wyoming/Montana border 
and below all CBM discharge points; and (2) above CBM discharge 
points. 

 Upper Powder River – (1) above Clear Creek at confluence; (2) 
above Crazy Woman Creek at confluence; (3) below Salt Creek at 
confluence; and (4) below other tributaries that may contribute flow 
to the Upper Powder River. 

 Salt Creek – (1) above Upper Powder River at confluence; and (2) 
above CBM discharge points. 

 Crazy Woman Creek – (1) above Upper Powder River at confluence; 
(2) above CBM discharge points; and (3) below other tributaries that 
may contribute flow to Crazy Woman Creek. 

 Clear Creek – (1) above Upper Powder River at confluence; (2) 
above CBM discharge points; and (3) below other tributaries that 
may contribute flow to Clear Creek. 

 Middle Powder River – (1) between the Wyoming/Montana border 
and below all CBM discharge points; and (2) below confluence of 
Upper Powder River and Clear Creek. 

 Little Powder River – (1) between the Wyoming/Montana border and 
below all CBM discharge points; (2) above CBM discharge points; 
and (3) below other tributaries that may contribute flow to the Little 
Powder River. 

 Antelope Creek – (1) between eastern boundary of the Project Area 
and below all CBM discharge points; (2) above CBM discharge 
points; and (3) below other tributaries that may contribute flow to 
Antelope Creek. 

 Upper Cheyenne River – (1) between eastern boundary of the Project 
Area and below all CBM discharge points; (2) above CBM discharge 
points; and (3) below other tributaries that may contribute flow to the 
Upper Cheyenne River. 

 Upper Belle Fourche River – (1) between Campbell/Crook County 
line and below all CBM discharge points; (2) above CBM discharge 
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points; and (3) below other tributaries that may contribute flow to the 
Upper Belle Fourche River. 

 A minimum of 21 sites (as above) would need to be sampled on an 
annual basis to monitor aquatic health within the Project Area. 

Threatened, Endangered, or Sensitive Species 
32. The Companies would conduct clearance surveys for threatened, endan-

gered or other special-concern species at the optimum time. This would 
require coordination with the BLM before November 1 annually to re-
view the potential for disturbance and to agree on inventory parameters. 

Bald Eagle 
33. In the event that a bald eagle (dead or injured) is located during construc-

tion or operation, the USFWS’ Wyoming Field Office (307-772-2374) 
and the USFWS’ Law Enforcement Office (307-261-6365) would be no-
tified within 24 hours. 

34. Site-specific project areas would be evaluated for suitable bald eagle 
nesting and roosting habitat prior to permit approval.  Suitable nesting 
habitat is any mature stand of conifer or cottonwood trees in association 
with rivers, streams, reservoirs, lakes or any significant body of water. 
Suitable roosting habitat is defined as any mature stands of conifer or 
cottonwood trees. 

35. The BLM would monitor all take of bald eagle habitat associated with 
the preferred alternative. The actual measurement of disturbed habitat is 
the responsibility of BLM but can be delegated to BLM’ agent (consult-
ant, contractor, etc.) A written summary would be provided to the 
USFWS’ Wyoming Field Office semi-annually.   The semi-annual report 
would include field survey reports for endangered, threatened, proposed 
and candidate species for all actions covered under the Environmental 
Impact Statement (EIS) for the Powder River Basin Oil and Gas Project 
and ROD.  The semi-annual reports would include all actions completed 
up to 30 days prior to the reporting dates.  The first report would be due 
6 months after the signing of the ROD and on the anniversary date of the 
signing of the ROD.  Reporting would continue for the life of the project. 

36. The BLM would monitor all road-associated carcasses, jackrabbit sized 
and larger, along project (operator-maintained) roads. 

37. All power lines would be built to protect raptors, including wintering 
bald eagles, from accidental electrocution using methods detailed by the 
Avian Power Line Interaction Committee (1996). 

38. Special habitats for raptors, including wintering bald eagles, would be 
identified and considered during the review of the APD/POD or Sundry 
Notices. 

39. Surveys for active bald eagle nests and winter roost sites would be con-
ducted within suitable habitat by a BLM approved biologist. Surface dis-
turbing activities would not be permitted within one mile of suitable 
habitat prior to survey completion. 
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40. A minimum disturbance-free buffer zone of 0.5 mile (i.e., no surface 
occupancy) would be established year-round for all bald eagle nest sites. 
A seasonal minimum disturbance-free buffer zone of one mile would be 
established for all bald eagle nest sites (February 15 – August 15). 

41. A seasonal minimum disturbance-free buffer zone of 1 mile would be es-
tablished for all bald eagle winter roost sites (November 1 – April 1). 
These buffer zones and timing may be adjusted based on site-specific in-
formation through coordination with, and written approval from, the 
USFWS. 

42. Within ½ mile of bald eagle winter roost sites additional measures such 
as remote monitoring and restricting maintenance visitation to between  
9:00 and 3:00 may be necessary to prevent disturbance (November 1 – 
April 1). 

43. Maximum design speed on all operator constructed and maintained roads 
would not exceed 25 miles per hour to minimize the chance of a collision 
with a bald eagle, other wildlife, or livestock. 

44. Additional mitigation measures may be necessary if the site-specific pro-
ject is determined by a BLM biologist to have adverse effects to bald ea-
gles or their habitat. 

Black-footed Ferret 
45. Site-specific project areas would be evaluated for suitable black-footed 

ferret habitat prior to permit approval.  Suitable habitat consists of a 
black-tailed prairie dog town or complex greater than 80 acres (USFWS 
1989).  A prairie dog town is a group of intact prairie dog holes whose 
density exceeds 8 burrows/acre; a complex consists of two or more 
neighboring prairie dog towns each less than 4.34 miles (7 kilometers) 
from the other (USFWS 1989). 

46. Prairie dog colonies would be avoided wherever possible. 
47. If suitable prairie dog colonies cannot be avoided, surveys would be con-

ducted in compliance with the USFWS guidelines (USFWS 1989). The 
entire colony or colony complex affected would be surveyed, even if part 
of the colony has a burrow density below eight per acre. 

48. If any black-footed ferrets are located, the USFWS would be consulted. 
Absolutely no disturbance would be allowed within prairie dog colonies 
inhabited by black-footed ferrets. 

49. Additional mitigation measure may be necessary if the site-specific pro-
ject is determined by a BLM biologist to have adverse effects to black-
footed ferrets or their habitat. In the event that a mountain plover is lo-
cated during construction or operation, the USFWS’ Wyoming Field Of-
fice (307-772-2374) and the USFWS’ Law Enforcement Office (307-
261-6365) would be notified within 24 hours. 

Mountain Plover 
50. Site-specific project areas would be evaluated for suitable mountain 

plover nesting habitat prior to permit approval.  Flat areas of short-grass 
prairie or low shrubs with a prevalence of bare ground characterize suit-
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able mountain plover nesting habitat.  Typically the vegetation height is 
less than 4 inches, and bare ground is greater than 30 percent. 

51. The BLM would monitor all take of mountain plover habitat associated 
with the preferred alternative. The actual measurement of disturbed habi-
tat is the responsibility of BLM but can be delegated to BLM’ agent 
(consultant, contractor, etc.) A written summary would be provided to 
the USFWS’ Wyoming Field Office semi-annually. The semi-annual re-
port would include field survey reports for endangered, threatened, pro-
posed and candidate species for all actions covered under the Environ-
mental Impact Statement (EIS) for the Powder River Basin Oil and Gas 
Project and ROD.  The semi-annual reports would include all actions 
completed up to 30 days prior to the reporting dates.  The first report 
would be due 6 months after the signing of the ROD and on the anniver-
sary date of the signing of the ROD.  Reporting would continue for the 
life of the project. 

52. No ground-disturbing activities would occur in suitable nesting habitat 
prior to surveys for nesting mountain plovers conducted in compliance 
with the USFWS’ Mountain Plover Survey Guidelines (USFWS 2002). 
A BLM approved biologist would conduct the surveys.  Once occupied 
mountain plover nesting habitat is located, the BLM would reinitiate sec-
tion 7 consultation with the USFWS on any project-related activities 
proposed for such habitat. The amount and nature of ground-disturbing 
activities would be limited within identified nesting areas in a manner to 
avoid the abandonment of these areas. 

53. Operators and the BLM would be provided by the USFWS with educa-
tional material illustrating and describing the mountain plover, its habitat 
needs, life history, threats, and gas development activities that may lead 
to incidental take of eggs, chicks, or adults with requirements that these 
materials be posted in common areas and circulated in a memorandum 
among all employees and service providers. 

54. A disturbance-free buffer zone of 0.25 mile would be established around 
all mountain plover nesting locations between March 15 and July 31. 

55. Project-related features that encourage or enhance the hunting efficiency 
of predators of mountain plover would not be constructed within ¼ mile 
of known mountain plover nest sites. 

56. Construction of ancillary facilities (for example, compressor stations, 
processing plants) would not be located within ½ mile of known nesting 
areas.  The threats of vehicle collision to adult plovers and their broods 
would be minimized, especially within breeding aggregation areas. 

57. Where possible, roads would be located outside of plover nesting areas. 
Maximum allowed travel speed on roads within ½ mile of identified 
plover nesting areas would not exceed 25 mph from March 15 and July 
31. 

58. Maximum design speed on all operator-constructed and maintained roads 
would not exceed 25 miles per hour. 

59. Work schedules and shift changes would be set to avoid the periods from 
30 minutes before to 30 minutes after sunrise and sunset during June and 
July, when mountain plovers and other wildlife are most active. 
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60. The BLM would monitor all road-associated carcasses, jackrabbit sized 
and larger, along project (operator-maintained) roads. The presence of 
carrion could attract mountain plover predators. 

61. Creation of hunting perches or nest sites for avian predators within 0.5 
mile of identified nesting areas would be avoided by burying powerlines, 
using the lowest possible structures for fences and other structures and 
by incorporating perch-inhibiting devices into their design. 

62. Capped and abandoned wells would be identified with markers no taller 
than four feet with perch inhibiting devices on the top to avoid creation 
of raptor hunting perches within 0.5 mile of nesting areas. 

63. Reclamation of areas of previously suitable mountain plover habitat 
would include the seeding of vegetation to produce suitable habitat for 
mountain plover. 

Ute Ladies’-tresses Orchid 
64. Site-specific project areas would be evaluated for suitable Ute ladies’-

tresses orchid habitat prior to permit approval.  Suitable habitat is charac-
terized by moist soils near springs, lakes, or perennial streams; most oc-
currences are in alluvial substrates along riparian edges, gravel bars, old 
oxbows, and moist to wet meadows in the floodplains of perennial 
streams (USFWS 1995). 

65. Suitable habitat would be avoided wherever possible. 
66. If suitable habitat for Ute ladies’-tresses cannot be avoided, surveys 

would be conducted in compliance with USFWS standards (USFWS 
1995) by a BLM approved biologist or botanist.  Surveys can only be 
conducted between July 20 and August 31. 

67. Moist soils near wetlands, streams, lakes, or springs in the project area 
would be promptly revegetated if construction activities impact the vege-
tation in these areas.  Revegetation would be designed to avoid the estab-
lishment of noxious weeds.  

68. Companies operating in areas identified with weed infestations or suit-
able Ute ladies’- tresses orchid habitat would be required to submit an in-
tegrated pest management plan prior to APD approval.  The components 
of the integrated pest management plans are outlined in the CBM APD 
and POD Preparation Guide.  Mitigation would be determined on a site-
specific basis and may include such measures as spraying herbicides 
prior to entering areas and washing vehicles before leaving infested ar-
eas. Infestation areas of noxious weeds have been identified through the 
county Weed and Pest Districts and are available at the Buffalo BLM of-
fice. 

Transportation 
69. The Companies would use gravel, water, or other dust suppressors, as 

needed, to reduce dust associated with facility access roads. Companies 
would contact the counties to ascertain the procedures to be followed. 

70. The Companies would provide georeferenced spatial data depicting as-
built locations of all facilities, wells, roads, pipelines, power lines, reser-
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voirs, discharge points, and other related facilities to the BLM upon 
completion of POD construction and development. 

71. Companies would contact the counties to pursue development of mainte-
nance agreements to ensure county roads are adequately maintained for 
the projected increase in use. 

Visual Resources 
72. The Companies would complete the following measures, where practi-

cal: use existing well pads where feasible, use vegetative and topog-
raphic screening when siting well locations, avoid highwall cuts, and 
shield drilling rig lights. 

73. Within the designated VRM Class II corridors along Interstate 90 and 
State Highway 14, all project facilities on BLM surface would be 
screened completely from these highways. 

74. The Companies would mount lights at compressor stations on a pole or 
building and direct them downward to illuminate key areas within the fa-
cility while minimizing the amount of light projected outside the facility. 

Noise 
75. Increase the distance between a CBM facility and an existing noise-

sensitive receptor. As shown in the analysis, noise decreases by 6 dBA 
with every doubling of distance from a source. For instance, if the noise 
were 65 dBA at 100 feet from a CBM source, the noise would decrease 
to 59 dBA at 200 feet from the source and to 47 dBA at 800 feet from the 
source. 

76. Noise mufflers would be installed on the exhaust of compressor engines 
to reduce the exhaust noise. 

77. Where noise impacts to sensitive receptors are an issue, noise levels 
would be required to be no greater than 50 decibels measured at a dis-
tance of one-quarter mile from the appropriate booster (field) compres-
sor. This may require the installation of an electrical compressor motors 
at these locations. 

78. Noise can be reduced by construction of obstacles in the direct path from 
the noise source to a receiver. These obstacles can be tightly spaced 
wood fences (no gaps in the wood panels), concrete fences, earth berms, 
structures, or naturally occurring hills. Care must be taken even with a 
tightly spaced wood fence. Even with a small opening between the indi-
vidual slats on a fence can allow a pathway for noise to propagate 
through the opening. In fact, the noise can actually be enhanced through 
a small opening because the noise energy is channeled through the open-
ing. To mitigate this problem, wood fences are generally constructed 
with two faces with the slats on one face overlapping the adjacent face. 
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Air Quality 
A number of mitigation options for CBM are part of WDEQ’s normal regulatory 
procedure. For instance, in the permitting of compressors, the agency always re-
quires the application of BACT. The theory here is simply that given the air re-
source available, within technological and financial feasibility, the number of 
operations that can be allowed is maximized. 

79. During construction, emissions of particulate matter from well pad and 
resource road construction would be minimized by application of water, 
or other dust suppressants, with at least 50 percent control efficiency. 
During production and maintenance, the operators would not routinely 
employ dust abatement procedures on roads within the Project Area. 
However, roads and well locations constructed on soils susceptible to 
wind erosion could be appropriately surfaced to reduce the amount of fu-
gitive dust generated by traffic or other activities, and dust inhibitors 
(surfacing materials, non-saline dust suppressants, and water) could be 
used as necessary on unpaved collector, local and resource roads that 
present a fugitive dust problem. 

 A variety of potential emission reduction measures (BLM 1999d) are 
available to further limit NOx and other air pollutant emissions. The 
evaluation was not intended to rank or identify a required emission re-
duction measure; the appropriate level of control would be determined 
and required by the applicable air quality regulatory agencies during the 
pre-construction permit process. 

BLM would also continue to cooperate with existing visibility and at-
mospheric deposition impact monitoring programs. The need for, and the 
design of, additional monitoring could include the involvement of the 
EPA Region 8 Federal Leadership Forum and applicable air quality regu-
latory agencies. Based upon future recommendations, operators could be 
required to cooperate in the implementation of a coordinated air quality 
monitoring program. Oil and gas lease terms (Section 6) require the les-
see, within the lease rights granted, to take measures deemed necessary 
by the lessor for the conduct of operations in a manner that minimizes 
adverse impacts to air quality, as well as other resources. 

80. Table 4–98 and Table 4–99 below present mitigation options for particu-
late matter and nitrogen oxide emissions. 
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Table 4–98 Fugitive Dust Mitigation Measures (PM10),  Effectiveness 
and Cost 

Dust Sources  
Disturbed Areas Unpaved Roads1 

Mitigation 
Options 

Establish plant cover 
for all disturbed lands 
by certain time 
(re-vegetation) 

Water roads 
to attain 
certain 
percent 
moisture2 

Apply soil 
stabilizer 

Set and 
enforce 
speed limit 

Gravel roads Paved road 

Effectiveness Level proportional to 
percentage of land 
cover 

0 – 50% 
reduction in 
uncontrolled 
dust 
emissions 

33 to 100% 
control 
efficiency 

80% for 
15 mph 

65% for 
20 mph 

25% for 
30 mph3 

30% 
reduction 

90% 
reduction 

Estimated Cost $/acre $4000/mile $2,000 to 
$4,000/mile 
per year 

Unknown $9,000/mile $11,000 to 
$60,000/mile

Note: 
1. Improved and County roads 
2. Wetting of construction roads during the construction period.  Wetting of construction roads not required for 

once a month maintenance trips to well pads. 
3. Reductions assume 40 mile per hour base speed. 

 
 

Table 4–99 Nitrogen Oxides (NOx) Mitigation Measures Efficiency 

NOx Emissions Sources 

 Field Compressors Sales Compressors 
Temporary Diesel 
Generators1 Heavy Equipment 

Mitigation 
Options/
Efficiency 

Implement Best 
Available Control 
Technology2 
Typically results in a 
NOx emission rate of 
about 1 g/bhp-hr 

Implement Best 
Available Control 
Technology2 
Typically results in a 
NOx emission rate of 
about 1 g/bhp-hr 

Register with State; 
will regulate as 
appropriate 

Voluntary use of diesel 
engines 

Notes: 
1. Wyoming is currently registering these generators to determine if NOx emissions are significant. 
2. BACT could include electric compression 

 

Unavoidable Adverse Effects 
The sections below describe the unavoidable adverse effects identified during the 
analysis. 

Groundwater and Surface Water 
Unavoidable adverse effects to groundwater and surface water would occur. 
These effects include the long-term removal of water from the coal aquifers as 
they are depressurized by the wells. The volume of water in other aquifers would 
be increased through infiltration and injection. The quality of surface waters 
would change in response to the discharges of CBM produced water and distur-
bances of soils and vegetation throughout the Project Area. 
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Air Quality 
Some increase in air pollutant emissions would occur as a direct result of the de-
velopment alternatives; however, based on the “reasonable, but conservative” 
modeling assumptions, these direct impacts are predicted to be below applicable 
significance thresholds. 

Vegetation 
Unavoidable direct and indirect adverse effects would occur under each of the 
three alternatives. The extent of disturbance would be essentially equivalent for 
Alternatives 1 and 2, but would be half the magnitude for Alternative 3. Areas 
disturbed under each alternative would be subject to a high potential for invasion 
of noxious weeds and would require substantial effort to prevent and control their 
spread. Restoration of biodiversity in disturbed areas would require an extended 
period and would likely be a function of the spread of native plant species from 
outside of disturbed areas, a time-consuming process that can be severely delayed 
by invasions of noxious weeds. Vegetation types providing crucial wildlife habi-
tats would not likely be replaced for an extended period, potentially causing ad-
verse effects to wildlife. 

Wetland/Riparian Area 
Unavoidable direct and indirect adverse effects would occur under each of the 
three alternatives. The extent would be essentially equivalent for Alternatives 1 
and 2, but about half the magnitude for Alternative 3. The primary adverse im-
pact would be alteration of wetland/riparian areas by discharge of produced CBM 
water. During production, wetland/riparian areas are likely to expand, although 
increased water flow may also result in increased levels of erosion or sediment 
deposition, causing adverse impacts. As water production decreases toward the 
end of the project, wetland/riparian areas would contract, returning to pre-project 
sizes. Areas of excessive erosion or sediment deposition may cease to function as 
wetland/riparian areas. All of these changes in the extent of wetland/riparian ar-
eas would provide opportunities for aggressive species, including noxious weeds, 
to invade disturbed areas. 

Wildlife 
Unavoidable adverse effects would occur under each of the four alternatives. The 
types of impacts would be the same for each alternative. The impacts of Alterna-
tive 3 would be substantially smaller than for the other three alternatives, which 
would be similar in magnitude. The primary difference between alternatives is 
the amount of impacts from water handling methods. The extent of unavoidable 
adverse impacts would be greatest under Alternative 2A, followed by Alternative 
2B, Alternative 1, and Alternative 3. Wildlife habitats would be degraded, lost, or 
fragmented. Direct mortality of wildlife because of hunting, poaching, vehicle 
collisions, power line collisions, or power line electrocutions would increase. 
Harassment and displacement would occur because of increased human activi-
ties. Habitat effectiveness, nutritional status, and reproductive success of big 
game species would decrease. Fugitive dust would decrease vegetative productiv-
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ity along roads. Raptor predation on upland game and other wildlife species 
would increase. Waterfowl would be adversely affected by exposure to high lev-
els of salts and metals in containment reservoirs. The population of many species 
would decline.  

Threatened, Endangered, or Sensitive Species 
Unavoidable adverse effects to special-status wildlife and plant species would 
occur under each of the alternatives. Effects to special-status wildlife species in-
clude loss of foraging and nesting habitats, harassment and displacement of indi-
viduals, and injury or mortality to individuals. Unavoidable adverse effects to 
special-status plant species include disturbance of individual plants, loss of suit-
able habitat, and introduction or spread of noxious weeds in habitats suitable to 
special-status plants. 

Land Uses 
For any of the alternatives, there would be unavoidable short-term, adverse indi-
rect effects to the land uses on properties adjacent to the project-related facilities, 
resulting from noise, traffic, and dust generated by the project-related vehicles 
and equipment, primarily during construction-related activities within the Project 
Area. 

Transportation 
For any of the alternatives, there would also be unavoidable long-term indirect 
adverse effects to the properties adjacent to the major access roads within the 
Project Area through increased traffic, noise, and dust from project-related vehi-
cles. 

Quality of Life 
Effects to quality of life may occur depending on an individual’s point of view. 
For those who prefer the solitude and natural setting, their quality of life would 
be affected for the life of the project. Additionally, not drilling federal wells now 
may result in future negative production rates on federal minerals through deple-
tion of minerals from drilling on state and private lands. 

Human Health and Safety 
A minimal increase in potential risks to human health and safety related to meth-
ane migration and seepage and pipeline ruptures is anticipated to occur because 
of the additional CBM facilities. 

Irreversible and Irretrievable Effects 
An irreversible or irretrievable commitment of resources would occur when re-
sources would be consumed, committed, or lost as a result of the project. The 



Chapter 4 — Environmental Consequences 

PRB O & G FEIS 4–408  

commitment of resources would be irreversible if the project started a process 
(chemical, biological, or physical) that could not be stopped. As a result, the re-
source or its productivity or its utility would be consumed, committed, or lost 
forever. Commitment of a resource would be considered irretrievable when the 
project would directly eliminate the resource, its productivity, or its utility for the 
life of the project and possibly beyond. 

No irreversible or irretrievable effects would occur to air quality or visual or 
noise resources. The following is a listing of the effects that would occur to the 
other resources analyzed in this EIS. 

Irreversible Effects 
 Removal of natural gas 
 Transfer of groundwater to surface water 
 Take of individuals of special-status wildlife and plant species 

Irretrievable Effects 
 Loss of vegetative cover for several years until reclamation is successful 

 Loss of riparian vegetation over the life of the project 

 Loss of wildlife habitats beyond the life of the project, depending on the 
success of reclamation 

 Decreased wildlife populations 

 Loss of habitats for sensitive species 

 Loss of livestock forage for several years until reclamation is successful 

 Harassment and displacement of individuals of special-status wildlife and 
plant species 
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